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EDI'J'OirS PREFACE. • 


RAnD changes Imve been taking iiknc diirjiig the lust few 
Jjcars in the otgani'/^ation nf ’IVchiiicnl lOflncntioii in KvciAig 
(schools. »I'he abolition by the Hoard of Education of 
examinations in cjrtuin subjects and of the elementary 
examinatioub in all subjects, the cm oiiragcinent of intcnial 
tests injieu of external exaininatums, the incicaswl attention 
that is being paid to the formation of groiij) ciairscs instead 
of the old courses in single subjects, aliile in many rcsjiects 
giving greater freedom to both te.idieis and oit'ani/.ers, have 
tDFOHii on them nu rtMseil icsixuiMlnlilu?.. junl pn'sented theirt 
with new problems for sohitioii In .uningm^. llicrefore, for 
ji new ^>rio8 lext-bfMiks better aflapted in some measure 
to the exiating eireiimst.ineos it was tliouglit dcHirublc lo 
provide an Introductory Volume* on organi/.ation«mid touching 
in thc^ Evening Tcehnical Scliool Mr ('. Hamilton, whoHc 
%rtMcs on the Teax'hing of Praetieal Mathematies, Keience 
and Draw'ing in the Practical Teacher during ItKMMO will be 
known to adhiG af our rcaderH. was so good as to uudertuko 
this volume. He has discuMHcd therc‘m the work to be effected 
bjsthe Teahnical School, its internal organization, the arrange- 
ment pf^ourses of instruction, and the function of examina- 
' tions., He has here dealt with the general principles of 
teaehing, and, taking a few of the principal subjects, has 
considj^ in some detail tljg particular methods to be, 
adopted, Hamilton possesses a very wide experience of 
Technical &hoolB and expresses hif views with vigour and 
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looidily: it U to be hope^ therefore, that toachen^a^ 
organizers will 6nd the volame both halpfnl and stimnlafing. • 
,In the arrangements for thtf text-books of the ^series 
special attention has been paid to the requirements *of the 
course system. Thus, for the First Year Course^or Buildinf* 
Trades students, three volumre are jirovideJ hn'Building Con¬ 
struction, iJie^ Geometry of Building Construttion, and^the 
Science of Building and Building Materials respectively. *For 
the First Year Course for engineers there are similarly three 
volumes of Machined Construction, Practical Mathematics, an^ 
Applied Mechanics, and arrangements will be madS (pr grotips 
of text-books similarly adapted to the requirements df dludents 
in other trades. It is hoped that the s'eries may do sdme- 
\bing to assist teachers in the reorganization of their courses 
iu accordanco with the present requirements of educational and 
Industrial progress. 

G. UDNY YULE. 




AUTHOR’S PREFACR 


It seems to bo the fate of Evening Technical Schools to suffer 
a*Tk>lent oj.^ly8m every ten ol twelve years. The Technical 
InstructioB Act of 1890 did much towards the provision" 
of builJings and eq]}ipment, and the Education Act of 1002 
niac(e Continuation Schools available for the first time os^ 
centres qf preliTninary training. Throughout the first period 
systematic and progressive courses of instruction wore talked 
about, and about 1901 a few were established. The second 
period has witnes.sed an mormons growth <!f systematic 
instruction and of laboratory provision. 

Within the past year the examinations in the elementary 
stages qf seienec subjects, which have Ikh'ii held without 
intermission for half a eentury, have been abolished, and 
the schools have entered ujion a [leriod of wider freedom and 
heavienresponsibility. For some years the development of tlic 
Aiurse system and of an organization which would bring the 
schools into closer touch wdth local requirements has been 
hampered (y*the traditions of examinations and of text-books 
the wope and character of which were determined more by the 
examinatioB syllabuses than by the needs and capacity of the 
Btddenis.* l%e appearance of a new' series of text-books was 
flelt, therefore, to offer a favourable opportunity to provide, 
more especially for the younger generation of technical 
teacheij^ a little volumj whicb. discusses briefly the chief 
problems tl^t have to bo faced, and the best methods of 
■otving them. 

fS . 
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« 

Tho book is divided iiitc» four parts. The first distyisses 
the'naturc and purpose of Evening TeAnical Education; ‘the • 
.soctmd deals with Organization; and the third aftempts to 
present, in a simjdc manner, a few of the ^neral scientific 
principles which underlie sound methods of instrflction. Th^ 
fourth part consists of notes and suggestions on the teaching 
t)f some «f ,tj>c subjects commonly found*in the*Ijwer 
section of Technical Schools. The last chapter advocates* the 
training of technical teachers, and is followed by a series of 
questions on method * ^ 

‘ During its preparation and in its pas.sago through ‘the 
press the vnirious chapters have been read and cr*tic*zed by 
^a number of comiietcnl authorities, including i»ost of* the 
writers of the earlier books in the scries To these tlic au^lior 
offers his gratitude and his apologies. He Jias adopted with 
jdcasuro us many as possible of the jiractical suggestions which 
were not in' conllict with his own e.vpcrience or with, the 
establi8licd*prineiples of modciii psychology. 

C. HAMILTON. 

t 
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PART I 

INTRODUCTION 




te;cJinjcal school or(ja]^iZ\tion' 

AND TEACHINO 

CHAPTER I 

TUB yEANINO OF TEaiNICAI, F,DrCATION 

Technical PMucation, in the proper meaning nt the term, is aa > 
oW and older than learning itwlf. From time imivemorial man 
has fnanUcsted a desire (o tram his offspring in thffto arts, 
which enable them to live and to get a living. As knowledge 
was accumulat^l and became ordered and hvstematized the 
parent sp'ared no piyns to hand down to the children the dearly- 
won lore o( their ancestors. A knowledge of wood-craft, of agri¬ 
culture, of coiLstruction for protection from weather and defenao 
against Enemies, and of other matters which determined man’s 
existence in those days, was religiously communicated from 
father to sijn.^ Then, as mei> congregated into larger ^oups, 

08 commerce arose out of primitive barter, as towns grew up, 
as human life became more complicated, the parent gave more 
aq|l' more time to the state and less to his family. But even 
in the Hi jdic Ages, when training outside of the most primitive 
type wfc undertaken, when the main interests of life were 
divided between War and the Chase on one hand, and the Law, 
the Chneh, and Government on flfe <}thcr, the parent retained 
under his elosest supervision the instruction of the boy in the 
manly arts, while he handed him over to the scholar for 
3 
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ins^otion in language and* philosophy. The purpose* even 
he|;e was obviously technical. As commerce gaiqed ground 

* and threatened the supremacy in ndmbers and powe>*o{ the 
Law and the Church, the need for book leatnit^ became widet, 
and the parent threw upon the scholar theirssponsibility for 

.more and^moro of youthful training. But the scholM lived 
in relative retirement; he was in the bustle apd whj'l of 
industrial and commercial progress, but not of it; what he 
Homed to value most in life^wos what men hod thought and 
.done in the past, not what men were thinkipg arid doii^'in 
his own day or would think and do in the futpr^ Thus 
there arose a system of education remote from immj^iate 

• needs, availing itself but little of existing circumbtances, and 
providing a pitifully insufllcicnt training for the future. ' 

While this training had met the apparent needs of the learned 
professions ipid polities (the traditional occupation of leisure), it 
. has dOlU) but little to provide cither for the progressive conduct 
or for the intelligent interpretation of the modem world. 

It is not intended to convey the impressioiy that all schools 
should be technical schools, offering a narrow add highly 
specialized form of training. In earlier days the social strac- 
turo was simpler, the range of knowledge less, and future needs 
could be predicted with greater certainty than in (4r time. 
There is now a great deal more of what may be termed cominon 
herita^, but tradition still hampers the estal^lishment of a 
reasonable balance between the old and the new requirements. 

During the hvst few years some attempt has been made to 
deal wilii school pursuits from the standpoint of environid^t, 
but progress towards a curriculum which shall ibe ^ajbd upon 
an accurate estimate of the balance ef studies in relation to 
environment is slow and uncertain. 

It has been admitted that the*cemplexity of modem life 
and the vast heritage of, common knowledge tender it impossible 
to attempt any high degree ,Df specialization in the ordinary 
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• * *. 

elen^enUty of secondary school bourse. SpeciBo training for 
partioular occupations—industrial and professional—must there¬ 
fore obtained subsequently. Such special training, given • 
after a boy hasicft school and entered upon, or at least chosen, 
his career, is callqcUTcchnical or Professional Education. 

The full business of training for life is therefore divided 
iiitoitwo stages, one general, and the other, ufuh^rfaken at a* 
later sfhge, special. In both case.s the real motive is training 
for the common service. Every |«\rcnt (irobably might ngt 
unfairly be^accuseil of desiring* to do the best fur his uuii 
son, but h claim based solely on individual gain could not 
receive public supjtprt. The as.sociation of many jiarents 
destroys tise seltish individual motive, and merges each 
individual hoiic ?ir desire into a cumiiiimal interest and aim. 

The characteristic of a natioiiai systuni of education then is 
the implied principle that the individual can only prolit iiiiitfectly 
through service to the comiiiiiiiili as n whole iiKliistrjqs differ 
widely in the extent to which the men engagisl in them require 
technical trami^ig, and m the nature of th.it traimng. Many 
depend very lurgeh- iiiKiii the manual skill of the workman, 
and in these the methoil is to train craftsmen—to give them 
a knowledge of the materials and processes useil iif their trade. 
At ono'Jime—thirty or forty years ago—this was held to txi the 
^1 and only function of Teehnieal Education, and it is supported 
oven to-day by arguments whjph depend for their vaiidjjy upon 
the necessity of afl apprenticeship system. But outside a few 
craftq, apprenticeship has fallen into desuetude. Certainly 
attempts are continyally being made to revive it, buj/ without 
much sudbess. And the reason is not far to seek. So long 
’& an industry depended u{ion the individual skill of a large 
proportion of men engaged in it, the master found it necessary 
to traii).the young peopi% who tame to him, and equally to 
protect himsflf by requiring them to serve him for a certain 
number of years. But the siSall employer with ^ limited number 
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)f men has been replaced by the large compahy emptying 
mncireds or thousands of workmen, machinery has been * 
ntfoduccd which performs more quickly and economicqily the 
s'ork of skilled craftsmen, and workshop procasses have been 
(0 subdividwl that a boy can acquire safpcient skill in a 
larrow groove in very short timcl 

Side bv'sidwwith the decreased need for the training* ofc the 
workman, has arisen an increased need fur the training df those 
w^o suixjrviso industrial occupations. The use of machinery and 
d electrical power, the manipulation of large qu^tities ^ud 
weights of material, and the high pres.sure at which'industrial 
operations are earned on, renders exiiet kngwledge of machinery 
materials and prueeases a nine qiid non to the foreman and 
manager. Moreover, the interdependenec of' industries,. the 
im'vcntion of waste, the use of new materials and processes, 
<lemand a broad .seientilie knowledge ns the vital force of almost 
any and. every mining or manufacturing eoneern. The c«tra- 
orilinary growth of scientific knowledge and its application 
during the last twenty years has indee<l rendererl a tong and 
eompR'hensivo university course an essential (pialification for 
many industrial positions, but it has not decreased the need for 
sidentilic anfl technical knowlcelge on the part of many who 
cannot hojic for and do not require the wider trainingjf It is 
with this latter class in the main that the evening technifinl 
school deals. ^ 

It is only according to the natural order ^if tfings that this 
demand for scientific training should over-reach itself., The 
Iiendulun^ has swung too far. Under the. stress of industrial 
competition the application of science to industry is limited by 
other considerations. The experimental method, requiring time‘^ 
and courting failure as a prelude to success, is often faced with 
opposition from the conservative at|.itude corresponding with 
the old adage: " A bird in the hand is worth two jn the bush.” 
The scientific map has not ousM, altd never will odkt, experience 
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and arganizing ability combined awith a roaeonablo amount of 
’knowledge and oommoit sense. Ninety per cent, of the suctoss 
of any^ industrial concepi' depends U{K)n organizing ability, ^ 
personality, bu^ness qualities, and other things which arc to bo 
acquired in ifo university and in no .school other than that of 
.oxpcriencc. 

'f'htre is no doubt that Technical Education *)bnll grades in* 
this* country is highly academic, and it is niniiily this feature 
that leads many men to e.\press the opinion that the hoy who 
in entering industrial life ought ft) go from school to the univer¬ 
sity, und*theii nito the works. The whole arguiiicnt in favouf 
of this view rests upon a plea for continuity of study. On the 
other side is a whole array of important considerations. First 
anil forcpiost tilt schisilboy is too iminatiirc to grasp the broader 
problems involved in a university indiistri.d course. Secondly, • 
the university teaching ris|uircs to be intcrpreteil in the light * 
ol economic and industn.d conditions. The pnffessor lives in 
the clouds—and righllv so. Th.it is his pl.ice. No iiiaii cart 
inspire from a low level, liut the student is unlikely to become 
a pnifessor—it is at least one hundrisl to one against such a 
contingency. On the other hand, he may have to take bis 
share in luanaging a woiks with a small niargni«>f prolit, and 
ho 0li|ht to be able to expitsss the value of new niaU‘ri<*ls, 

' Kiodificatiuns of design or proeess, in dividend. If Technical 
Education is to receive the recognition which it inijn’ratively 
demands, it iiftist conic closer than ever to industrial 

conditions. 

• 

• The only serious objection to the college course being delay ed 
until after a^period spent in the works, is the strain involved in 
•attending evening classes. To this argument some considera¬ 
tion must be given. But it should lio home in mind that the 
olassef.are only held duijpg the.winter months when the nights, 
are often qpld, wet, and cheerless, *and that an extraordinary 
number of students successfully accomplish the task. They 



TECHNICAL SCHOOL ORGANIZATION ANp TEACHING 
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exhibit not only capacity, but also that perseverance which is 
so ^cat a factor of success in life. But whichever system is * 
.the* best may be regarded as immaterial to our purpo^. An 
overwhelming majority of the captains of industry have obtained^ 
and will eontinue to obtain, then training in Evening Technical 
Schools, and wo must now pass ‘to a consideration of the. 
‘work of tllo8< ibiafitutionH. ' 



CHAFl’ER II 


EVKNINU TECHNICAL SCHOOLS AND piEIK WOKE 

' • .... 

Evening tlasscs bearing on industry omc their exisk'iico to 

two events. The fiijt was the establishment by the Priiieo 
Consort of the iieiciiec and Art Depart iiieiit after the Exhibition ^ 
of liol. .This Departiiioiit eonduetisl exainiiiations, trained 
science teachers, and aided science and ait classcK. The other 
event W'lvs the establishment by the f'lty Livery Companies 
of .the City and tJuilds of J.ondon Institute ' The^^olasses 
conducted under the auspices of these bodies an- so well' 
known, and th^ir recent history is so familiar to those wlio 
conduct •Evening Technical Schools as to render further 
rfifcrenco to them unnecessary. Before jMcssing to a considera¬ 
tion of organization and teaching it will be siinichmt to deal 
briefly 'with two other movements of fundamental imjiortance. 

•For more than thirty years the technical teacher has licwailcd 
the fact that the students w^o come to him fur iiis^ctiun 
ore inadequately "lireparcd to profit by his teaching. 'The 
elementary school rarely provides a satisfactory foundation 
for technical study. ^ Moreover, technical teaching, as distinct 
from elsnfbntayy mathematics or geometry or physics, demands 
A acquaintance with the environment of a workshop which the 
rAw schoolboy does not possess, and it can rarely be conducted 
e.flbctivqly with boys undgy sixteen years of age. But until . 

Technical Schools under the Twhnical Instruction Com- 
puttees were unable to obtahi grants ujion subjects outside the 
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Directory of the Science iiiul Art Department, and Coutinoation 
Schoola, or Night Schools, as they were* called, were under the* 
School Boards. These two bodies were mutually dis^^stful, 
and co-operation was conspicuous by its absercc. What vaa 
wanted, and what could not bo obtained, was "some instruc¬ 
tion suitable for boys between fourteen and sixteen years 
of age, wBich «wunld provide a basis for subsequent tdcluiical 
study. ' 

^ Meantime another problem arose in the Technical Schools. 
Students chose unsuitable su'njccts of study, anjl met with 
ditliculties owing to the fact that inanv of these subjects are 

« t 

logically interdependent. All technical ,subjects pre-su^poso 
some foundation of pure science, but the tcthnical title 
appeals to the student, and the soundness'of the teaching 
suffers from the luck of this scicntilic foundation. For a number 
of years the Science and .\rt Department—who paid on examina¬ 
tion rejplts—would only pay grant on two successes in science 
in addition to luallieinatics and geometry. The regulation 
of the Science and Art Department did^ not. however, 
secure that a student took mathematics or any other e.S8ential 
subject. 

^ The Citj'and Guilds of the London Institute was faceel with a 
similar jiroblem. The necessity of a seientillc or artisticliasis to 
trade subjects was recognized in their regulations, and a skidtnt 
who liqd passed a tevhnologieal examination in the honours 
grade could not obtain a full twhnologieal Ccrtiffcate unless he 
had also jiassed the e.vamiiiatinns in certain subjects of science 
or art frqm a given list. The result was thjt the student passed 
the technological examination tirst, and then cas( abdht for'the 
easiest science or art subjects required for the full qualMcatiofl.*' 
To remedy this the City and Guilds of London Institute estab¬ 
lished a prclimmary grade to certaip subjects, a pass.yi which 
was required before the‘ordinary grade was attempted. The 
plan was.eSecti^e over a limited ftelil. 
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Xhe need for a currionlnm cohering the whole requirements 
“of a student, in whicE the subjects are arranged in lo^cal 
order, fas emphasized indhe Report of the Royal Commissfon 
•yi Technical Edneafion of 1882-4, and in the late nineties many 
Technical Scho^ly printed courses of study in combinations 
of subjects in ^their prospectuses. There A\as, however, but 
little compulsion to take these courses. 

The*passing of the Education Act of 1!HI2, however, was 
the signal for the advent of a new polaw. So long as tl^ 
Tscbnual (jpd Continuation Schools were under different 
controlhuff bodies, the Technical Sehisils could not be sure* 
that^preparatory training of the right sort was provided m 
the Continuation Schools, or that students would be encouraged ^ 
to |iaas forward ’froiii the lower to the higher schools. I’litil 
they could be a.ssured on these points the\ were reluetanl to 
e.\elude students who eaiiie to them inade(|U,itely prejuired. 
IJatswhen both sets of sihools came under tlie sa^e local 
authority the two problems--the e.vternal and tfie interimr 
—were atSick^l with energv ami sueeess 

In the lirst place, there was established in the Contmualion 
Schools what is known as the I’rehminari Teehineal or Industrial 
Course. This consists of English. Elementary Mathomaties, 
Techni\al Drawing, and either Science or Womlwork. Attend- 
aittiir Ks rcquireil as a rule for three nights a week for two years, 
but a snii^rt elementary schoolboy is freipicntly alj^iwed to 
enter the seeond-ytar course direct. This scheme has reached its 
highpst development in the north of England. In Lancashire 
and Cheshire it owys its success largely to the inUueyce of the 
Isancaithlle aij I Cheshire Union of Institutes, which established 
course •examinations in place of those formerly held in single 
subjects. In Rie West Riding of Yorkshire the County Education 
Authogity conducts its oyn examinations. Some idea of the . 
progress made can be obtained from tko statement that in March 
1811 the number of students taking the Prejjminar}; Technical 
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Course Examination of the Union of Lancashire and Cheshire 
Institutes was 9,308, as compared with 7,861 in 1910. 

. 'In view of tlic large number who .are receiving preliminary 
tochnicai training, some disappointment may beifelt at the sma^l 
number who reach the Technical School by this avenue. But 
it must be rememhored that the Cofttinuation School has to pro- 
' vide for mRny who cannot hope to profit by technical instrui^on. 
The tendency of industry is to demand a higher standard from 
ffwer men, and the boys are quick to recognize their limita¬ 
tions. The real value of the 'innovation, however,, lies in the 
fact that the existence of the preliminary course oliables the 
Technical School to insist on a standard of admission. From 

• f 

. enquiries which have been made it appears that it*is usual for 
this standard to be maintained in respect of all students under 
sixteen. Students over that age are usually dillident about 
attending Contnmation Schools with younger students, and for 
them iflany Technical Schools have a modified prelimuiary 
'course to which students under sixteen are not admitted. 

The second problem, which has come within measurable 

distance of solution since 1902, is the replacement of single 

subjects by progressive courses of instruction in groups of 

scientific and technical subjects, liehemes of study covering 

three evenings a week are non arranged in most T^hnical 

Schools. Each scheme assumes a knowledge of the Prelimftidty 

Technical Course, and sccurcs.ji broad coipprehensjve training 

bearing upon some occupation which prdVides a sufficient 

number of students to justify the establishment of, the 

Course. . • 

* * • 

Notwithstanding the progress which has been, ma(S}*during 

the last ten years, there is still much misconception as* to thd* 
meaning of the term Course. The course system is a mode of 
• organization of a school to enable jt to meet the industrial 
needs of the area it serves in the most efficient and economical 
way. It jp not Resigned to mrot fte technical or professional 
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reqqjfementg of any individnal, tint those of a group of indi- 
* riduals; would be manifestly impossible for many sohoofi to 
airangteourses for each of the enormous variety of interests which . 
visi in the neighbourhood. There must always be a number of 
students unproyided for in the scheme, and each case has to 
be met so far as,the organization of the school will allow. Some 
conysssion jlways has to bo made to adults. TBie Aan of full * 
age has frequently had inadec^uate preliminary training; he is 
liable also to certain civic responsibilities, to the exigencies gf 
pannthood^ to the cares and dhties of a liouseholder, and to 
more styidgent industrial or professional ties, than the younger' 
man^ And if he pannot attend the whole course, it is 
usual to 'relax the regulations as to admission and^ 
attendance in h*s case. Rut neither the isolated student nor 
the ailult affect the course system ns a system of sehool ' 
organization. * 

• This system has an important eiloet upon the seogp of the 
so-called subjects of in.struction. For many yeam Iho soicnce 
classes were (jependent upon examination results for their 
ciisteneS. Even after the Government grant ceased to dojicnd 
upon the results of the examinations, the latter continued 
to exert a dominating influence on the dork of the 
schoolsj-an influence which was to-inforced liy the fact that 
pfSnically every text book was written upon the examina¬ 
tion syllalgis^. The obstacles which stood in the w^ of the 
course system maj’ be gauged by a consideration of engineering 
subjects. Classes which may lie regarded as bearing directly 
qi^n the work oi the engineer were held in Mathematics, 
Practida! Mathematics, Practical Plane and Solid Geometry, 
Vachide Construction and Drawing, Theoretical Mechanics (solids 
and fluids), Applied Mechanics, Heat Engines, and Mechanical 
Engineering under the (jty and Guilds of London Institute. • 
The selectien of subjects to form a suitable course which 
would include appropriate laboratory instruc^on wqp a matter 
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of conoidcrablc diftioulty. Oourscs varied in different schools 
nicfcly because of differences of opinion as to the relative" 
value of different subjects. If 'the examination sy^abuses 
were followed something of relatively small vqjue was sure 
be included, and something of relatively greater value excluded. 

The (irccise way in which this* has been overcome will be 
discussetUn«l‘*rt II, but the fundamental principle involved 
may bo stated here. One of the disadvantages of th'c single 
s^ibjoct system was that the weekly lessons permitted six days 
for forgetting what' had been" learnt. Where home-work, wins 
‘done this iiia.Miiiiiin was reduced to live. The fullest‘advantage 
of the eour.se is only seenred when it constitutes a whole , when 
the teiM’liing is contimious—not from Monday to Monday, 
Tuesday to Tne.sd,iy, ,ni<l Tlim'.sday to Thu'r.sday, .but from 
Monday to Tuesihiy (o 'riiiiiMlay. Tins ideal can be approached 
most nearly in the Preliminary Teelinieal Course ; for with the 
exception of English all the subjects can be blended into a angle 
"unit in thb first year, and into two units in the second year. 
But beyond the Preliminary Tcchuioal Course difficulties arise, 
and the course resolves itself as a rule into three paralld .series of 
lessons, one on each evening, which permit of rcarly and natural 
correlation. 'Quite apart from details, how ever, it will bo clear 
that the old single subject sjsteni and the course systcijf are in 
opposition—at any rate, in the earlier stages of the work."*As 
the student pnigrcases it becomes imperative for him to con¬ 
centrate upon narrower lines, and it is tBe n&essity for a 
broail basis in the earlier years that often leads to the copflict 
of studies. 

It has been stated, and the statement will b^ar rtipfetition, 
that the course system is a system of school organization, anif 
that it enables the Toelmieal School to meet the industrial needs 
, of an area. A gooil deal is implied ^ this deffuition, , 

In the first place it ‘aasumes that the Teebaioal School 
authorities hove an exact' knowledge of the nature of the prin- 
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oipal^ local industries, of the number of men engined, u{ the 
‘various grades of employees, of the work which each grade is 
require^ to do, of the lumi of instruction which will enable 
t^c men to cargy out that work must effectively. Moreover, it 
assumes that the, necessity for tcehnieal training is recognized 
by the employer no less thaifby the public which from national 
anddocal sources provides the money for tho estaWisIlment and * 
mainteffance of Technical Schools. This recognition carries with it 
the obligation to provide facilities for young men training for tly 
coipjnou se^j’ice. It must be aobiitted tliaT the spectacle of a 
great natiftn providing a system of Technical Education, and tho* 
employers of that najian presenting .such obstacles as to render 
tho system aasteful and incflieient, is too truly Cilbcrtian to lie 
contemplated with e<]uannnit,\. 

Every year sees a gre.iter readiness on the part of eiiiiiloycrs 
to give not onlv faeililies Imt direct eiicourngenient. Perhaps ' 
III* |*ayiiient of fees liv employeis does not increase ver^ inueli, 
but then tlieie .ire good reasons for not desiring ait e.vtciision’ 
of this plan ^ student who gets a thing too cheaply places a 
low value upon it, and the loo highly snlisidi/.e<l boy is apt to 
think he is eonfcrring a benclit upon the eoninniiiity in general 
and the tcaelier in particular by Ins attendance. ‘An increase 
in wagiji to sueces.sful students is always a heavy spur, and*it 
isTBbro than that valuable us indicating that the employer is 
able to put,a price upon the training. 

■Still, in spite ot all this there is a feeling abroad that unless 
the hours of labour ore lelaxed the employer is grasping an 
adCantage for hiini^lf and for the community by encroaching 
upon th# scagty leisure of the growing boy. If one man in a 
fiusineM can give greater and more efficient service to the 
community by undergoing training it is manifestly unfair that 
he should work under conations yvhich nearly approach slavery. . 
The situation here outlined is sometimes userl as on argument 
against the tyranny of the course avstem,! with, its rigid 
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requirement of three nights ifttendance and homework. Bjit as 
a matter of fact the relation of the course system or any othe/ 
system of Technical Education with the question i« purely 
accidental. The long houcs of labour are deMmental to tlie 
boy whether the extra six are spent in ttie Technical School 
or in recreation. The feeling 'which is aroused by the 
requiremflitS'ttiat a youth should spend six hours a we^k in 
the Technical Schools after fifty-four hours in the factory or 
Vvorkshop ought to operate almost as strongly against long 
hours at all. • 

Unfortunately a considerable number of people iiAagine that 
the strain of an Evening Technical School course can be 
relieved in another way. It is suggested that as’three nights 
attendance and homework impose a serious burden' upon the 
average student, the number of nights should bo reduced to 
two. This plea comes principally from those who can have 
had litfte experience—and certainly can have little conceptioa— 

' of the difiiculty of arranging an educational course requiring an 
attendance of only two evenings a week during the winter 
months which shall achieve an educational result Worthy of 
pubhc expenditure. They do not appear to realise that three 
ipghts a wwk attendance — nay more — and homework was 
undertaken by hundreds of students before the coursq'system 
ever saw the light, and they do not take into accouiirthe 
fact that the industries of this^country, which a|e os highly 
developed as in any country in the world,* are carried on in 
the main by men who have passed successfully through the 
strain of Evening School attendance 1 Apd what is, in effect, 
the alternative 1 If the course is reduced fronj thitd to two 
nights, the instruction in laboratory work, drawiiig, anS 
mathematics will have to be curtailed. Out in the world 
* the personal qualities of the man,capable of attending, and 
willing to attend, for three nights a week are bound to tell, 
and the proposqf would render hi9 training leas effective than 
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it m^ht hare been. Can it be teriously contended that Ihie 
attempt at the nationaI*endowment of mediocrity would yAld 
l)eoefici%l results I . ‘ * 

, But this question of encroachment upon leisure is not a 
preblem peculiar jo> the Technical School. If his work is so 
hard and the hours so long that a boy cannot take advantage 
of the ftvening Technical School, then nil ojiporteisitifs for the 
intellecttial enjoyment of leisure are impaired. If this charge 
against employers on behalf of the Evening Teeluueal Schoo^ 
can ^0 sust^ned, it becomes mdtgeil in the more serious one 
of purch^llig the youth of the nation body and soul for a few ' 
shilluigs a week. Ihislicd to its logical conclusion, it means 
that the bow enters the works in the inoriimg and is cost out 
in the evening capable of nothing but recuperating for the 
next day's toil 

There is no doiilit lli.it the employer who desires to give 
facilities and eneoiirageineiit is liislgisl round witli ililli^ulties, 
and he eaiiiiol move unless liis eomiietitors .’re* prejiared ' 
to move with^liini. That is wii\ f.ivoiirabli’ opinions on 
the platftirm are ^so seldom reali/.isl in pr.ietiee Coiisu- 
quently there is n growing body of jiiiblie upimon in favour of 
legislation which shall limit the hours of juvenile labour, and 
removo*piaiiy abuses which are distinct from the handicap in 
TedlWoal Education. Quite apart, therefore, from edueationol 
considerations, there are goiai rea.sons for the Twlinieal^Sehools 
iiiaintaimng tKeir I’eijuirements of three nights a wis'k and 
homevork. Any weakening on this point merely jilays into the 
hand of the unsympathetic employer, and delays the growth 
of that’jfubliij upimon which will, sooner or later, demand 
proper teisure for the youth of the nation. 

Hut if this attitude is to be maiiitaiiied the schuols must 
see to it that their own mjthods.are without reproach. They • 
must show thoit their teaching is directed to the satisfaction of 
industrial needs, and that itT is raunoniical of June, uf money, 
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and of personal effort. Hiey must be prepared to /eject 
Bcdemea which arc justified merely Ly tradition,, to embarE 
boldly upon any re-organization which may appear necessary, 
and to keep themselves abreast of the iioedsnof a progressive 
community. 
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('HAFfKR IIT 

Tllfi HKADMASTER, THE STl'DF.NT.S, AM) THE ST.AFF 

Tiif. poiirse^sAstciii hiis ihMisI ot>ti.‘-i(lcralilv (d tlio iinportnnco 
and rcsg(lli'il)ilifv of the headmaster. I'orinerly his main ’ 
pmiH>»c ttas to advise mtendini' .students as t.o tlie work they 
shoiil5 undertake, and, in the atisenee of stringent regulation.s, 
thi.s wa.soften a tfiankless task, lint when lie had e.xhansteil all 
the arts of jwrsuasion his fiiiietion w as almost fulfilled. His stalT 
were more or less isolateil units, eaeli responsihlc for tho work 
whieh appeansl under Ills name in the time table, and usually 
iiidilTerent to the work of any or every other te.ieher m the school.' 

The first additional task thrown upon the headmaster was 
that of prejiariiig a time-table which would permit certain 
groups of students to attend suitably selected elas.ses on tlin'c 
nights a week. It was not possible all at once lo inl.rodtieo 
properly’ co ordinated courses, for in that ease some teaeliers 
might have had to be discharged and others appointed. Must 
technical teachers arc sjieeialists , they are less adaptable than 
elementary or*sccdlidary school teachers, and oeeiisionally they 
have, vested interests and long serAice behind them. The 
revision of syllabuses is therefore often a matter of difficulty. 
But unMis aqd until the course is regarded as the unit of 
* iltganization, there can lie nothing but an unsatisfactory 
enmpromise. The unit is the course, the. only possible sub¬ 
division is an evening’s wiyk, and a mere grouping of subjects 
satishes neither educational requirements nor the demands 
of odnunistrative simplioit/. 


zi 
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The next duty which tho'hoadmaster has to face is that of 
peihuading the students to take courses. Here again the single* 
subject organization stood in the wsfy. Most student^have a 
vague notion of what they wont, and they mturally prefer 
subjects with a trade title. But if an engipeering course, for 
example, is advertised as a whole, with engineering calculations 
on one cfeitln;, engineering drawing on a second, and'esperi- 
mentai engineering on a third, the student has a' smaller 
Vflemont of ehoiee. For on engineering course should not con¬ 
sist of separate and indopcnclent classes in Pragjical Mpthc- 
niatics. Geometry, Drawing, Mechanics, and Heat Eli^incs, but 
a well-organized teaching scheme inciuding aii that is necessary 
of those subjects for the students who attend. • 

It is usual to charge a low foe for a course of iustruotion, 
and this is only a small proportion of the totai cost. This low 
foe is justihed because a student who takes the course is assisting 
the sehpol to perform its work in the most ettieient and economical 
way. A student who should but does not take a course not 
only causes the loss of a certain amount of grapt—upon which 
the school authorities countcrl in fixing tho^ fee—but ho lowers 
the efficiency of a public institution maintained largeiy by public 
funds. If he is prepared to ]iay his share of the cost of main¬ 
tenance—that is, the average coat of the school per stuijent—ho 
may be allowed to select his own course of study, bvffnot 
otherwi^. The reputation of the school and the bjest interests 
of Technical Education demand that the m?n turned out shall 
have profited to the full by the training which the ^hooi 
provides^ Some cases there always wiH be in which it is 
advisable to make concessions, but there is not mnph to*bb gained 
by giving way too freely to the private wishes of individuals.* ‘ 

This question of admission is closely connected with that of 
subsequent attendance at the full qourse. The usual plan in 
case of non-attendance is to send post-cards or qjrcular letters 
to studenjs who Jiave been absent twice in succession. In some 

li 
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oaaea b graduated series of warnipgs—the later ones hinting 
mote* or less definitely, bt serious consequences — are issued. 
Sometin^es 'this " post^caiding ” is delegated to tho teachers, 
and the amount of tho pressure varies considerably in con¬ 
sequence. It 'hhoultl be dune in ail cases by or under tho 
supervision of the headmastc,'. A further plan, which should, 
howpvoi, bo regarded as supplementary and uqojlioial, is for 
teachers'to Wito to, or to make personal calls at tho homes 
of their students. This relation between teachers and students^ 
is pot to be^discouraged, but it ‘does not, ‘of course, obviate 
the necesiaty foi' administrative machinery. 

But if great deal of this work in connection with defaulters is 
rathe/profitipss. The real business of tho headmaster and the 
staff js with the students who attend, and not with those who 
do not attend. If a student cannot, or will not, attend with 
fair regularity to all the classes he has joined, the school is better 
withqpt him. Such a student is a bad example to others of un¬ 
stable will, a perpetual source of annoyance to the teacher, and ' 
an unnecessary expense to the authority. In fact, if the grant 
did not depend upon attendance, and if the success of a school 
were not measurctl'so frequently by numbers on the roll, far 
less trouble would be taken over absentees. • 

Moreover, a system of “post-carding” is in itself only effective 
within a limited range. Post-cards and letters make no impres¬ 
sion upon some students, except in tho few cases in which the 
parent who d8sires>his boy to Sttend school receives one. Even 
then the school secures the unwilling attendance of a somewhat 
unsatisfactory student. A good many schools recognize tho 
sitftatioiw and expel students who break their obligations for 
• ilnsatisiiictory reasons, and some require a deposit in addition 
to the fee from those who have been unsatisfactory in a previous 
year. Whatever means are adopted it is certain that attend¬ 
ance and homework {vide infra) givh more trouble than any 
other aspect of the work ah the preseht time. 

23 
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Before proceeding to consider the arrangement of courses 
of instruction, it will be desirable to‘discuss the staff. It is* 
in’the constitution and raanagcmoAt pi the staff of an^fivening 
technical school that the most important probkms of all ari^e. 

[n some schools not even the headmaster ia eniptoyed full-time. 
Truly, Technical Education is the Cinderella of the educational 
world—a*8{mK-time job for students, teachers, anh local 
educational authorities, carried on under difficult oondiUons by 
few enthusiasts when the rest of mankind is at leisure. 

First as to personnel. THbre is much to be jaid for^and 
against the full-time teacher. On the one hand he soon 
becomes by practice an e.xperieneed teacher. He has only one 
.source of income—that is, income earned as a teacher—and 
his careitr develops a singlene.ss of piirpoilb that, promotes 
professional zeal. On the other hand, he is liable to get into 
a groove; the absence of any connection with industrial 
operations, alid the everyday life of the factory and worlmhpp, 
'lead him'to take an aciwlemic view of Technical Education. 

This defect is enhanced by the tendency for young men 
fresh from the university, who have only spent a limited time— 
and then in a subordinate position—in t^e works, to enter 
the teaching profession. Whatever may be good in the 
ufiivorsitica, the real need of the Technical Schools is t^hnical 
teaching having the most direct bearing on the everyday 
conduct^of a business. The school must not lag behind, but 
must keep well abreast of modern practice.* * 

Part-time teachers, on the other hand, are liable to puffer 
from the effect of divided interests, The;j rarely teach more 
tlian two evenings a week ; they are more or losj visRers, and 
are nut actuated to the same extent by professional zeal, and * 
unless they are born teachers, they are liable to initial errors of 
, method, which remain with them to t^e end of their days. On 
the other hand, they are in touch with modem prac^ce, and they 
often trea| their subjects with delightful freshness and vigour. 

. 
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There is still a third class* of teacher, who, while not 

* strictly technical, is still an inevitable member of the staff. 
The IVliniinary Technical Conrso and Practical MathemaJica 
i\jrc largely taught by elementary and secondary school¬ 
masters. In tne Preliminary Technical Course these teachers 
labour under .two disadvantages. Firstly, they are only 
aligljtly acquainted with the work for which tBcft ft>aohing is 
a prepaWion. The Continuation and Technical Schools arc 
co-ordinated, but frequently only in Hic education office and ii 
the prospectus. All details of the syll.ihus arc not of wpial 
nnportaniA', and owing to want of exact knowledge of what is 
to follow, the teachijig may lack i)crs|X'etivc. Secondly, a dis¬ 
advantage flOinmon both to the iireliininary course teachers and 
to teachers, c.f/.,*nf Practical Matheniatics, is want of acipiaint- 
ance with the daily occiipafions and technical needs of the 
.students. This is apparent in the elioice of examples and 
illustrations, and generally in the interpretation of the qj-llabus. 

On the other hand, this type of teacher is often trained 
and invariably e.xperieneeil. It is spare-tune work, but still 
.so far shnilar to ^is everiday work that Ins daily practice 
helps his evening school work, and nrr nrm 

All this criticism is intended ts> develop one jioint—th^t 
it wou'ltl be dangerous to insist on delinito types of teachers 
trainAl in a particular way for all kinds of technical school 
work. It ij certain that the jiresence or iibsc-ncc of knowledge 
or training is socifndarj' to the personal qualities of the men 
thenvelves. In the face of any criticism that could be advanceil 
it itmst be admitted that tinder cover of night, when most people 
are enjA^ing their leisure, work of the highest value, involving 

* extraocfUnary self-sacrifice, is being carried on by men of widely 
different training and experience. 

The most that can bc,said is that with younger students, • 
in the earlieii years, or when breaking^ new ground, the profes¬ 
sional teacher is the safest f but for older stqilents, in strictly 
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technical eubjects, eouiid laraotical experience is a atne 
giui non. * ’ • 

, 'To proceed now to organization.' IJ will be obvious t^t this 
is easier in a school of moderate size than in a Ifttge one. The 
headmaster can keep in close touch with students and tcacherp. 
Ho can enter into the special probRjms which continually arise, 
in each cokrs*. • He can keep in touch with preparatory tfveping 
schools and with employers, and ho holds the future of Technical 
h'ducation in the district in the hollow of his hand. 

But in a largo school it ik ncceasar}’ to dclogi^to powe^. 

A somewhat rigid machinery for securing regular attendance 
is worked from the oftice, and the teachers are grouped under 
j heads of departments. The departmental system. introSuccs 
a peculiar diflioulty into a course organizaticto, mainly oyving 
to a cross-clnsaiftoation which has grown up. Thus there may 
be departments of Mathematics, Physics, Chemistry, Engineer¬ 
ing, Ellectrica'l Engineering, and Building. Apart from a snipll 
group of students in pure >Scienco who may require instruction 
in the departments of Mathematics, Physics, Chemistry, these 
departments control teaching which belongs to other courses. 

If each department were self-contained it would be necessary to 
duplicate laboratories and equipment, and this is an impossibility. 
Under the circumstances the course system loses itsessentiil unity 
and appears merely as a group of subjects arranged with-some 
appmaej} to logical order. This difficulty has been recognized, 
and in some cases departments mange scl^onfained courses, 
with the frequent result that something essential is left oyt. 

Thus p self-contained building course includes graphic statics 
but no experimental work, because that belongs W •anotlier 
department. There is no need to give other examples; eadh • 
one can find some within his own experience. 

> The fact is that a departmental qjganization is only suitable 
for the advanced work in a large school, but {or this it is 
essential.. It cajnot provide the most effective course system 
26 
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for the earlier years, when closely adherent and broad schemes 
of study are most desirable. 

Thevcharacter of the (jourse system imposes a new eleme’nt 
o| responsibility upon the staff. If the course and not the 
single subject* is the unit, the individual teacher is not an 
independent agjnt, but n co-operator with limited rights of 
bis own and definite responsibilities to his coUcSgtSbs. It is 
each tcitoher’s business to avoid overlapping the work of others 
engaged in the course, and to utilize their work to the fullesifi 
extent. M<jpt of the advantagefi of the course system in the 
early sta^s arc‘lost if the te.iehers arc not generally familiar 
with the whole instruction which their students are receiving, and 
[irepared to conduct their own teaching in accordance with it. 

The proper relation beta ecu the constituents is most easily 
attained in the Preliminary Technical ('oursc, in which it is 
usual for one teacher to take the a hole of the aork in the first 
ye%r.. Some local education authorities, hoacxer, hav^ a rule 
that none of their teachers shall undertake work on Inoro than 
two evenings week, and the most satisfirctory arrangement is 
then impossible. In the second year’s course again it is usual to 
find one teacher engaged on at least two evenings. But in the 
first and second year’s work at the Technical School the course 
is frequ^ently in the hands of three teachers. At this stage 
the student is commencing unfamiliar work, and he needs 
every advantage that skilful teaching can give hinj. It is 
therefor® of file iftmost importance that the teachers should 
not qply draw up their schemes in considerable detail, but that 
they should also keep in touch with one another tl^oughout 
the sesSien. yhis is a task which will engage the tact and 
* (fiscretien of the headmaster to the fullest extent. 

It is strange that there should be such antagonism between 
scientific and technical ^teachers. Each tends to regard • 
the other as ^he most profound ignoramus on every point that 
really matters. Yet co-operation between ^them jias been 
J7 
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found to be caniIv [)o-s.sibJc, iiiid it in n Niwe Qiul non if the course 
system is to lie more than a mere name. _ * 

‘Apart from tlio ((ucstion of oon'e|ation the co-operj»tion of 
teachers is rendered necessary m order to cconwnize the home¬ 
work. The exact function of homework wiK 1)0 diseased in the 
diopter on “The .Minor Details of Te'aelung.” It will be sulfieient 
to point hnfi; ‘Iierc the need for its regulation and Jortrol. 

If each teaclier sets homework how, when, and in what Quantity 
Sic likes, the results will he uneven. Students invariably express 
a fenclmnl for one subject or Vor one teacher, and/.his tencVcr 
gets the major portion of the work. It is the he&dmastcr's 
duty to decide, after consultation with the teachers concerned, 
upon the ivinount of homework to lie done per week in each 
constituent jiart of the course. The total ahiount as usually 
such as would re(|uirc about two and a half to three hours, and 
which therefore can bo done on one evening in the week. This 
include^ as a rule wTitten answers, calculations, and drawing. 

It is nbt always desirable to set homework in each subject of 
the course every w cek. The ehange from one to jjnother of three 
.subjects during an evening involves considerable strain. When a 
student has done three or four questions in practical mathe¬ 
matics, it 18 ‘easier for him to do half a dozen more than to do 

« P 

an equivalent amount of work m a new .subject. It is a pommon 
error to disregard the effect of abrupt jerks upon the mental 
processei, and to speak glibly of the refreshing jnfluence of 
change. But once the mind has started wJrking in a certain 
direction it is less tiring to continue than to change that direption. 
So, as a general rule, homework in not mope than two subjects 
should bo set per week This can be accomplished byhtran^ng 
a rota at the beginning of the session. If there are three sefei * 
of homework, one may be set weekly and the others fortnightly 
• in turn. • 

It is frequently ^ssible to set homework iii one subject 
that will (orvo tl\f purimso of two. Thus a question in Mechanics 
28 
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frequently provides a test of inath^atical knowledge, but it does 
'not, of coujse, serve a doable purpose in manipulative praetice. 
A referlnee to the coursesiset out in the next chapter will show 
bow homeworjf*in one so-called subject serves almost for tho 
course as a whglc. 'In some oases whore there is an obstinate 
tendency to shirk in one class, tho homework for tho course 
IS ^ lor t|(e week from tho ollice. One set ftf'qSestions is 
given, and this serves the puqmso of indicating to tho student 
that the course, and nut one cveiiing's work, is the unit. Th# 
disadvantage of^this plan is that the exorcises may bo sot so^ 
long l)cfgre()ond that they have only a vague coiiuectioii with 
the system of teaching. 

, Two othfr methods arc found. One i.s to sot homework in , 
cachrsubject every three weeks in turn It is eminently unsatis¬ 
factory. The other is to ha\e all the homework sheets jireparcd ^ 
at tho beginning of the session These are giiqilied or priiitoil, 
and are used year after year. Tho jilan is a lolio of a moshaiiical 
system of teaching common enough in the eighties, but now, 
fortunately, iiqarly extinct. 

Whatever mcthgds are adopted, the headm.istor will jirobivbly 
meet with difficulties. It will encourage luiii, therefore, to 
know that m some schools practically every student dops 
homework. 

A'new difficulty peculiar to the course sy stem arises in con¬ 
nection with the promotion of students from year to year. In 
the old days, when the examination determined tho amount 
of grant there was less tendency to admit a student to a class 
in^Vhieh he was unlikely to bo successful. When the grant 
came t^'be assessed in another way a greater tendency arose 
to admit students to the second stage after a failure or lucky 
second class in the first stage. During both periods the prepon¬ 
derance of students takingtsingle subjects rendered the question * 
fairly easy of solution in each particqiar .case. But it is now 
necessary to decide whether a student shall he promoted not 
29 
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in one, but in three or four Subjects, and the problem bec^omes 
comi)Ucated. 

' It is obvious that few students make uniform '{irogress 
in, soy, Mathematics, Drawing, and Laboratoiy Work. Quite 
opart from natural aptitude there is usually preference for one 
subject, which, therefore, commands and receives more than its 
share of ttnio 'and thought to the disadvantage of the ortlers. 
This fact makes it undesirable to allow promotion to" depend 
f'lpon an examination which affords too much scope for personal 
qualities and the element of luck. As a test of-a student’s 
fitness to proceed to higher work it is incomplete and'uncertain, 
and it must lie supplemented by others which will compensate 
for its defects. 

It is becoming recognized that the whole work of the student 
at homo and in class should bo used to dccido whether promotion 
is justilied. Marks are allocated for what a student does under the 
teacher’s eye, and for what he docs at home. These are added 
to the marks obtained at any e.xamuiation for which ho may be 
required to enter, and the sum total determines his fate. The 
proiiortion of the maximum necessary to sejmrc safe promotion 
depends obviously upon the standard of marking. With a 
rpasonable severity lifty per cent, on the whole work is quite 
satisfactory. Hut in order to avoid this being reached mainly 
by excellence in one of the subjects, there should be a minintum in 
each of Aliem. This is rather more difficult to fix.^ Jit ought not 
to be much lower than that for the whole ‘course, or progress 
in the weak subject will be seriously hampered. 

The qhief difficulty arises in mathematiqs, in which students, 
equally good in other subjects, show a widely varying’dapacity. 
In some schools this is mot by arranging for several Aages to 
meet on one evening so that the students can be graded without 
o.xcessive complication of the time - table. This avoids the 
necessity of a clever mathematical student being kept back, and 
enables the weaker ones to enter a class in which the pace is 
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not ^0 rapid for them. Obvioflsly care has to be taken that 
* etory studjnt is obtaining at least that mathematical knowledge 
and pActice which is necessary for adequate progress in otfier 
subjects of th^ course. A higher sUndard than this may be 
desirable, but it hi iftit essential. 

■ The charactei; of the examinations fur determining promotion 

is ^ry impjirtant, and one to which not iniiclt AtSntion has 

boon piid. Their purpose is to ascertain whether the student 

possesses sufficient knowledge to undertake with advantage th# 

foilqwing year’s work. A wide' choice of questions is clearly 

undesirabfe^ for in that case a student may qualify and yet bo 

quito^incompetent iq regard to an cstsential process or dejrart- 

, mont of knoavledge. In some cases it may bo desirable to make 

certain questions compulsory ; in others to arrange the paper 

in sections, and require marks to bo obtained m each section. 

There is no ncccasity m such an examination to sot questions 

touiscertain whether everj thing in the syllabus has bceji done. 

Thus a tracing can be submitted in respect of each candidate, 

and this need^ot form part of the pajier. In few cases will 

it be desirable for jtudents to submit their note-books, because 

these will be taken into account m assessing the value of the 

student’s work during the session. 

• • 
’The .proportion of marks to bo awardesl for examination, 

labordtory work and drawuig (which it is assumed arc nut 

subject to qpssionai examination), and homework is iniportant. 

A scale which has'considerable and influential support awards 

fifty qior cent, for the examination, twenty-five per cent, for 

labbratory work and drawing, and twenty-live per cent, for 

homework. Iji all cases some discretion may bo allowed, and 

* tSe border-line papers should bo the subject of careful enquiry. 

The question of size of classes raises one or two very 

important problems. If a. teacher is merely “ lecturing,” ho 

likes to have as huge a number of students os {lossible, because 

large numbers taken at one time arc stiiqulating to him 
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and apiiarcntly cconumival to the achuul. 'But immediately 
ho bogiiie to “ tciudi ” ho tindn that it is not possible for him* 
to got into close mental toueh with, more than abouVtwenty 
students during a [leriod of one or one and a hfcU hours. Cop-' 
soquontly, when the number of entries exceeds thirty the question 
of dividing the class has to be considered. It hs these “ border¬ 
line ” cla^eif that give rise to the chief diHiculty. UnfortiJnately, 
classes of fifteen or sixteen are relatively expensive, and there is 
tendency to jmt off the evil day of ihvision as long as possible. 
The continued oxistence of a large class reduces tfio ettiejeuey 
of instruction, and, as a corollary, the percentage of httondauce 
also. , 

The must satisfactory plan is definitely to conlinvadmission to 
each class to the twenty-live best qualified and otherwise •most 
suitable candidates who present themselves by a certain date 
early in the session. This is neither so severe nor so unjustifi¬ 
able as apiK-urs at first sight. It is quite certain that soino of 
the students will leave by Christmas, and that the greater the 
competition to enter the class the keener wil| the successful 
ones become, it has always been the custom for laboratories 
to bo rceogiiized for a limited number of students working at 
(jiio time, and there h.is never been any opposition to this 
restriction. Onee it is rceognized that the efficiency* of the 
U'aching in the classroom depends upon the number of sttidciits 
whose needs can be met mentally during a lessoij period, the 
.soundness of the method must tie tulmitterf. 

When a class in laboratory work or drawing becomes too large 
to be effectively dealt with by one teacher, il^is a common practice 
to give the responsible teacher an assistant. The |prgo 'size of the 
ehemical laboratories and drawing class rooms with which many* 
Technical Schools are provided contributes to this practice. They 
' were constructed of such a size to yieet conditions which have 
since become obsolete, pr as a result of views a# to extension 
which have nov no foundation in fivet. The modern require- 
3« 
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iiient|f in Machine Construction chuld not luno been sutistiwl 
%y tho insifuction of large niiinl>crit of btudents in one room 
under Averal teachers, aijd it is now recogiuzeil that sound 
inatruction in Cj^niisfry involves such a chise association lietweim 
theoretical and j^rvcfical work that in the earl\ stages one man 
must *)i' rch))on2kilde for both. If a ( lass is large enough to 
rc'juije two,teachers, it is largi* enough to (li^i(fe.*nnd two 
teachers%ch rcHponsiblc for a section an* |u‘oducti\e of a higher 
standard of efticieney than one with an assistant. 'Phe only^ 
ditKctiitK*H 11* the way are mainlvlustoncal 'Plie establishment 
of separate clisses is the cluvijicst mcliiod m the long run. 

If jjiis IS aceepte(^in ]>rinei|)le it may be w(‘ll to ein]>haHize 
.the R'lations^ which should (‘.\ist helween the two teachers. 
TheyMnay'have (‘(|ual rc'sponsilnlity in tin* course, or one may 
be working under the genera! supcr\ision and diivction of the 
other. It will be obvious that under bolli arrangements the 
twotUfen nui.st be ei|iially aware (»f the work done by ^ill the 
students, and tliough their work need not Im‘ aoHolutely the 
same, the two s^fhemes must be similar in suipi^ and nu'thod. 

There ma\ be j^ome hesitation in accc|)ting tho swond 
arrangement as possesaing niueli advantage over that in which 
both teachers work in one room But if a man is ever to leari^ 
to loach, he must be thrown ujion his own rcsponHibility. 
Merely* assist mg another never develojis his own powers, and 
never gives ^him that opportunity and scojto w'hieh^aie so 
necessary for the altainment of skill in any art. 
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■Adf fhniNOEMKNT OF COOKSES OF INSTRUCTION * 

H 

.In order to discuss ivdcqiiatoly mctliods of teaching it will bo 
iiceeHsary to keeji'clearly in view the course as a.wholo. This 
eha|)ter, therefore, deals with eoiirses for the nior.i ambitious 
students in the ]irmei|ial industries Iiieideiitally, fiinihunental 
principles uliieh detsTiiiine the seope and eliiijacter of the 
eonstitiient siibjeets are outlined The remarks in.('ha|»ter V. 
will explain why only the first and second years’ coursi's are 
given 111 detail. 

The IVeliimiiary Technical Course is usually taught in 
’ Continiuftion Schools; but as it is inti'iidisl to prejiaro for 
subsc(|ueiit teehiiieal studies, it is ineliided here It usually 
covers two jears. In some towns the si'oond-year work is done 
wholly 111 the Teehiiieal School, and m the larger towns there 
is often a special I’relimmari Course for older stiidenis which 
occupies one session The ordinaiy eour.se m the Coiifinuation 
Schools serves two purposes lirstly, it provides a better founda¬ 
tion fill teehiiieal studies than the elementary school affords, 
and, secondly, it kee]is the boy hieutally lit fintil tie is old enough 
to follow technical teaching. The last consideration renders it 
unde,sirable that boys should bo pressed through the course in one 
year, as is occasionally done. There is a great temptatibn to 
hurry a goiKl boy forward, but some acquaintance witlvinateiSalS 
and workshop proeesses is a valuable prelude to technical studies. 

The problem, then, is to provide a suitable course of instruc¬ 
tion for boys fresh from the elementary school jvho will attend 
for thrqc nights a week for two years. The lower work must 
J 4 
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overlap the up|K‘r obww-A^ork of t.h<' olomentarv wliool, hocauM* 

»of the eaih at whieh many hoys leave sehw)l. and the 

Yarn'll *1,1 ndai'd of att<iinnieiit pri'^HMited In them when • 
* .aijinitteil to tht uourst' The subjcnts ar<‘ 

• . **hi^h8h. 

• j,lVJwtieal Mathcmaties 

Yitir IViudieal Drawing. 

7> With Kleinejitarv ScK'iiee or Woodworl- 

oplionai 

Kiifilisli * 

•I’raelieal Matlieinaties 

S'(aii>f]nn I’raeliea! Dra'wing 

•y , Klcfjientars Science, or 

iV(«td\s(»rk. 

'Hie detul'' of tlie ■'iihjert'' will Im> <lca!t \wtli wlicn di.sciiKhinpr 
inetliod III Pait 111 Here it will ''Ullici* to ol»s<T\e that nnne ex¬ 
ternal exatnmmu Im.iIic'' )iol<l ex.uninations in the sulfjecfs of both 
\e.ir‘> Ihit there n no ohli-ialion for >1u<len1> to (akv llie lirst- • 
M*ar iMiH'r" \n extirnal (‘xaminatioii in the lirsi \ear has the 
ellect of lesIruTiiijr the freedmn of the teaclu'i in dinelojiin^ Iuk 
suiiject and a se|io(fl exanimalion would meet all re(|UireinentH 

It H pUKTalh reioninieinled tliat IVaitical Mathematics 
and Dmwiiur shouhl he (aujrht in cjo'*e UMHoiiation throughout 
Tliw 1 ^ a thoroiiehU "inind propoNd f(>r the lirst-xear course, 
and for the '•<*<'ond-\ear cour.><‘ where Woodwork iH taken ivs an 
altornativi* tJ)*IOIe!i¥‘nt.irv Science* Where the latter snhject is 
luclndcd, however, it forms an eipialK satisfactory subject for 
nupjerical tr(*alinent. 

•Prac^cal Drawiiig iii the first year is mainly Klementary 
•(^•omt't^y, and the second-year sylluhns has a similar content, 
hut it iH sugj;este<l that more attention should he jHiid ut this 
stage to jirojeetion as a foundation for Maehine Drawing and 
Building (’onstmction. If the Preliminary Course w to jicrforin 
its proper function it shoulcUpreparc tBe gfound in such a wa) 
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that the technical ti'achor U free to deal with constniction, 

* • 

and haw not to tciuth the cl(‘ineiitf> ot projection. ^ • 

* The (|UOHtion a.s to whetlier Wooilwork or Kleinentar/Science 
Ih taken Ik, in pradu'C. a question of laboratorv^ai^coinniodatign.' 
For that reason, too, the Hceond-year course i-s frequently taken 
at the Technical Seliool Kew elementarv seligols are eiiuippod 
with lalithiAifficH, hut. in in<vn\ eases adiniraiile use is futile of 
cookery rooms, and e\en of .in ordmar\ class room wifli hoards 
laid across the <l(*sks W'sattV eomlniK^d euphoards and • 
hcnehcM form a useful snhstitTili* for lahoratorv luyiehes, jvhere 
there is some asiiiLihli* space round the walls of theVlass-toom. 
Givitn that suitahle accommodation imii he found for Klementary 
Rcienee, there .in* siait.U reasons for reji.irilino i^ .is the more ^ 
Huitahlo alternative There is no mdustrv*’ ior which •some 
ae(|Uaiiitanee with the eleimails of Mechanic'' and IMiVsics is 
not desmdilc, or, indeed, essential Moreover, the elaim can 
he HUpjMnteil from the point of view tliat everv hoy in any >valk 
of life slutidd know something of the phvsual world m which ho 
lives and moves and h.is lus hemg ” A defect of the other plan 
is that the oxisti'iiee of a woikshop almost mvariahly implies that 
manual instruction has hi'cn taught in the okmientarv sihiHils, 
and it is difficult to arraiigi* a good tcehnieal workshop course 
for bo^s who Iiavi* completed .i course m manual instruction, 
and whoso practical e.\jH*rienee is measurisi m month?i. 

Sometimes the lalioratorv ae(*ommodatiou is ^such that a 
Hootion only of the students (*in do Eleiifbntary Science; in 
that case the rest take Woodwork. This leads to the question 
of classification wliere there are more stu^lents (particular^ in 
the second year) than can be taught in one class. The deter¬ 
mining factor is usually standivrd of attainment, either tosM 
by an examination or estimated hy the standard on leaving 
• the elementary schools. But the wprk of the first year is really 
of BO elementar>’ a character that a boy who cannot undertake 
it is wei^ nigh li^opeless, and anoth(h plan which can be followed 
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in some casofl ih to dividt* the 4udent» according to iH'cuj)ati(m8. 
Tlie teacher Ih then able to draw upon the e\ery-day exjx'riencoH 
of the Audcnts to a greater extent than if the oeiiipationx are 
vtfry varied. I? i« perhaps worth noting th.it the el.iHMtieation 
mfty differ innrke»lly from ^uit winch i.s necessar\ at a later 
stage. Thus the plumber would be assiM^iatinl with engineers 
and 4»flier nrtal workers bt'cau.se the Mimkir m.Ttennis iiermit 
of the Mine or similar e.xample.s and illustratnnis Of eoiirso 
it mu\ be argued that sjieeiali/ation at this^st.ige i.s premature, 
butt bttle w<*ight eau be attached to .such a coutcnlion * , 

IV.iet;j:ally the onl_\ eourses j>ro\ided in Continuafion Schools 
are d(;f.igned for student^ who will pnaeeil to higher work in 
• technology <tr commerce Consequentl\ the ''tand.ird of jire- 
limin'arv tfaimng is lowered b\ the prc.seiue of iuaii\ who have 
neither the inclination, the c.ip.uits. mu the ne<‘<l, for more 
udNumed teaching Koi the t\p(‘ of student in soyie imlii.stnes 
t)ie*sf;uid.ird is probabK as high a*' ean Ih‘ expected, Uit it is 
e\tremel_\ low for the ambitious box who h.is realK profited 
from elementaiw school edm'ation, and wlio is engaged in an 
engineering works a similar indiisfrx 

The first teehnieal course ]»roper to be (ousKb-icd is tliat for 
Emjincirtruj. Te5U*h<‘rs will be familiar with tlie eou- 
trovcrsiea that have arisen through th<* attempt, to arrange, on 
three nights a we<*k, work prexioiisly classified uiider'(a fixe or 
six classes tji^ht, it may be, b\ as many diffiTeiit me*. Wy 
early in the development some subjects had to go, and Practical 
Plane*and Solid (Jeometry and Theoretical Meefiames disajijieaicxl 
—separate subjeits- from the tnne-t.ibles of the more jiro- 
gressive schooJs. Still there remained Practical Muthematies, 
Machine Drawing, Applied MeehnnioH, and Heat Engineu. On 
a cursorj’ observation these appeared to eontain just what the 
engineer required, but a eWser inspection showed that much of 

. There is uoduubt lhat uhesevei possible SciCnte should lie laken m 
place of Woodwork. • * 
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the matter edutainiil in tiie subjects onjitteil was too valuaklo to 
Ikj left o)it altogelhei .\s it is ueeessarv to ree.ist sjllabnses, it 

is just as well to go the whole way, iriid to elleet sueh t/ievision 

•> * 

that tho iiuniiMT of 8ul)jocls or cooHiituents of it course ahoifld 
corresj)oii<l as far us jiosMhIc to tliv numl)cr (ff ••uglits per week. 
The teiuleiu^', therefore, is to eoiwtruet tlie eftgiiieerinjj course 
as follows * 


First Yi'ar 


Piuctical Mutheinaties. 

^uehine (’onsinutioii and Draumg 
l‘iXp(*rmieiital Kngmeenng 


These Hubjeei.s an* eontmue<l throughout the second \«t‘ar 

It may he ohseised tliat this is app.irelitlx a wide departure 
from the ideal laid down in Part I , which H;':a](le<l the course * 
as an indivisjhh* wliole When a stage is reached, however, in 
whieh a special room and speei.il eipnpiiKsit are reipured, a 
compromise»musl he elleetcsl 'I’he advant.urc of the scheme 
will he'appareni to those who have to arr.inge classi-.s to lit aer^uu- 
inodatioii It IS olivious tliat th<‘ enginceiing lahoiatorv will he 
required for one evening a week tor each twentt oi twentv-Hve 
students lu each of tiie lirst two vears ■'»:milar demands will 
he made foi;the <lrawmg olhce and a mathematual class-room. 
The advantage will also he uppaicnt in aiianging the liiuedahle. 
Inste.id of lilling up a numher of one lioiir or one and a half hour 
spaces with little p,irc(‘ls of knowledge, e.ich with sejiarate and 
varviug*re(iuiremenls, the umt^ of time <pe v\#h«»le evenings, 
and tlu‘ units ol knowledge are larger sections, each with clear 
and detimte requirements 

Now,•in regard to scope and character, the course as ,i wiolo 
possesses mie detiiuto le.iture ealeulations hdong to evyy^ 
evening's work. But tho mam aim on one evening i.s to increase 
the students’ knowledge of matheinutieal operations, the mam 
aim on another evening is to mcieas# the students' knowleilgc of 
construction and descgii \ and the ipain aim on th6 third evening 
IS to faluiliaruA) them with mechanical laws, tho properties 
. * ’ 
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of m|kterial8, and tbo meebauical*{ulvantage and efficiency of 
'inacbineH and prime movers. E\ery problem is attacked by 
oxi)erin1%nt, by drawing, or by calculation as occasion reipiirt's 
attd exiKjneiice*dictates »Smh a couise m.unt.iin.s interest, 
facilitates correlat'oif, develops initi.itue and resouiee, and gi\es 
am all-round priioti<*al training if it is jiroperly taught in 
all tho^young engineer nspiire-s at e<K‘li stuftc* (4 bis j>ro* 
gress, affd with no gaps in bis seientitiu eipiipment, 

'Hie establishment of a h.itisfautory eoiirse in KUrtiml 
Ettgvicamf ity a more difficult prolibun Vhe imlustry itself 
jiresenls greater* Viiiialion. On the manufacturing side it is 
r.itiu'r highly speciajr/.c<l, and .i good niaiu jnipils in central 
» generating stulions desire instruction Jiike most other students, 
the young electrical engineer wishes to jumji straight into the 
teehnology of his subject, •ui<l lu* does not i'oali/.e that, using 
tlie same tools and largely the stime materials and processes as 
tU%meehamcal engineer, he rcspiires very much the same training. 
Moreover, as in many schools the iiumher of eleetr'eal <*ngineering 
students IS tiK^ small to enable sejuirate jiroMsion to be made 
for them, they have to <lo some, at any rate, of the work lu 
common with uiecliaiucal cngiutHTiiig students. 'Hie plan most 
usually luloptcd i.s one session Drawing and one session in 
Experimental Mechanics m the first two years. 'Hiis gives — 


First Fear 

T •• 

* 9 


"Second Year 




S l'rai'tii'al Mathcniaticn 
JJraauig f«f Kli-etrical Kiigineera • 

( Expeniiieutal McchaiiicB. 

( Practical MathcinatiCH 

^ Or ti^o nigbta 

^ Experimental hiigineernig ( pi^.trieal 

(Electneal Engineering. j j.l,g,„eern.g. 


The provision of a satijifactory liuilding Course is a still more • 
difficult pr(d)lem. The Building Trade is more wnlely distri¬ 
buted than any other, and tbe numbers in each n ai^; relatively 
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nmall. It roallt consiuts of 4 Biuall group ul trades working in 
different malcriali. The carpenter, tht bricklayer, the mason,* 
tim pluinl)er, the painter, work in close association, ^nd yet 
each is eonliiied to a iiarlieiilar portion of the ivholo structui^. ’ 
The young architect, and builder re((uire iiistnietioii over the 
whole Held, and so also does the' young ear|)enter or masou 
who desi4pstt» become a foreman builder or clerk of'works. 
I’ho intnulnctiou (»f nuuihiiiory has to Honio extent <iegraded 

Heparato < 5 raftH, but not ho far an iii some other induHtrics, 
and there are Htill *11111111)018 of men who liml sunjeient Hci^po 
*for their ambition in their own trade, and win', re<|im(‘ instnic- 
lion in order to gratify it The students who prt'.seV. them- 
solves at the Technical School therefore exhilut a, wide-range 
of ambition and capacity. 

The (jnestion of a suitabh* course is complicated by the 
* peculiar relationship lietweeii Ibiilding (‘oiistruction as detineil 
by the H(»ard'of KdiuMtion and the syllabu.ses m (‘arpeiiti\\ and 
•JoineryUrickwork and Masonrv, i‘'SU(‘d b\ the City and 
(luilds of London In.stitute Broadly, the matter of the last 
three subjects is “assembled ” in the syllabus for BniUling Con¬ 
struction It has usiiully been considered 'flint Budding Con¬ 
struction was most suitable for the more nmbitioiis student, 
aiill thill combined with Builders' (jiiiintities. Architecture, and 
some Geometry and .Mechnnics, it provided nil tliiit he n'ljuired- 
But 111 schools which also provide classes in the City tnid Guilds 
subjects, ndvnntage is often taken of the vourfo system to 
include one or more of these m the full course One rensoii 
for this is, iloiibtlcss, thivt the Building tenehcr prefer.s to koap 
his students m his own hands entirely, or, at any rate, m his offn 
deiwrtment. But the inevitiible result is to exclude instructiofi ' 
in tlio Seieiicc of Building Materials and the Mechanics of 
^ Structures, These subjects are generally included in the lessons 
on Building Construction, but there is no laboratory practice, 
no first-hand knowledge obtained by the students themselves, 
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and they accept the inforniatioif which ih given to them on 
•• authority 

* • 

Thetp is no doubt thid the plan of including both City mid 

‘Gpilds Subjcct<i,*anil Hiiilding ('onsfrnction in u course involves 
all enoniioiis niiionifl of diijilicatioii as well as of exclusion of 
important instniotion (hi that account tin* ('ity and (Juilds 
Huh, Mill^ probably be taken m futmv onl\*ift ftio minor 
eouracH ftderred to belon. bearing upon indi\idual traden. 

A further matter for difsensMon is the imdusion or otherwise^ 
of ^lathi'ina^ies in a Ibiikling Trades (Vmrse 'I’his has often 
lieeii atteiftpted. ^)Ut rureh \Mth mort* tlian moderate '•necesH. 
The fact is the caleulahons of the builder are of a highh speeiahzed 
^ eharaeter aiwl where they eannot be jarfornnHl 1»\ anthmetic 
they ueld. readil* to graphnal treatment On thw aeeount 
the Huiijeet has in iiianv e.ist^s been ent out of the Building 
Course and the im»re recent tendency is to include (aleiilatiuns 
of W(‘y/ht (|uantit\, .ind piiee in the Ibniding Construction, 
and in ilireet association with the details oi strietut’es which 


the student is ^Irawmg or measuring Thus as in tlie ease of 
Machine Construction and Diawing. it is being leeogiii/ed that 
the student of Huifding Coiistimtion must ha\e regard to 
eeonoin\ as well as to outline an<i strength * ^ 

Ah m the ease of Kngineenng drastic re-arrangement of the 
seo[>c of suhjeetH i-w ine\ italile, and the first two \ears of a tyjucal 
Building Course is set out below - ^ 

• • • » 


FirM Year 



^ Ceomefry of Building 
Building Construction and Calculations. 
( Sc.dice of Building. • 



(Geometry and (Jraphie Statics 
Building Constrm'tion and Cttlculutions 
Expcnmental Mechanics. 


The 8Ubjeo| on the third evening imdudes in the first year 
laboratory work on the elerilentarj' Chemistry ^nd Physics of 
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Building iiiaterinla, ventilation, and the principle of hepting 
and lighting In the second year the Strength (4 Matcnals* 
and Mechanics of Stnieturcs will bo dyalt with in the lalniratory. 

The Bco)ie of the nork on the three eveu'ngs represents 
approximately the work of the, ojliee, the” workshop or yard, 
and the lalioiMtoiy, in relation to tlio industry. 

Minor^courscs for individual trinles generally ij'solvc Vlfciii- 
selvos into a tlieoretieal le.sson includnig drawing and any 
"calculations that a[e desirable on one evening, and workshop 
practice is the other The staniUril of adniissihii to .these 
classes is not nisssted ii)ioii with the same scierity'’^is m the 
full course, and the stiiilents are nuaivahli older Jn the 
separate Building trades there is a tendeney foi* the boy to . 
oviulo attenilanee iiiilil he can be admitted on the ground of 
.ige alone. It would appe.ir that tlio narrower the aim and 
the lower thi^ ambition ot the student, the greak’r is the tendency 
to reliN(|Uish teehnii'al ti'aniiiig altogether rather than to submit 
to a full threc-iiight course. At the same time there is much 
to bo said for the view that the trade students .should attend 
the classes in Building f'oiistriietioii for aj^ear or two in order 
that they maj appreciate the relation of their own part to the 
iwst of the work. 

Coiii'ses of instnietioii in ('luiincul TimUa are only possible 
in districts in whieli Cheimeal Industries are largely re]>resentcd. 
As a ruic, the students are those employed in Wprks' Labora¬ 
tories ; verj few are engaged in the process. The ehief industries 
arc Alkali Manufacture, Soap Manufacture, Metallurgy, and 
Blenching and Dyemg. Befoi-e planning a course of tw o or three 
years in duration important eonsiderations merit diseussion. 

The first is that the student of Clieniistry tries to escape 
Mathematics and I’hysics. Ho does not realuio that Chemistry 
* is n <|uantitutivo science or no science at all, and that every 
chemical change is, interpreted through Bhysicc. Certainly a 
limited hmountt of Chemistry con be learnt on the basis of the 
4 » 
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PrelinHiiftn Technical (^ourw. but it is oxtrcinely wnall. If 
tlu* HtU(b*nUhas any (!<‘sirc to priJciH'd to higher work, he eaiuiot 
withstand the deniaiid tlo^t a {><»rtion of his time in the earlier 
yftirs ."hall be Jevoted to studies whuh will rentier later wttrk 
eatiier and num* ftitelligilile ^o him rntorUinately, the scojio 
o‘f (lassos in PhfsK's whieh h.is lutherto bet^n pro\ided has not 
beoiupartieiUarh useful to chemists, and tlie reijuiremonts of 
the course sustem must aLMin be met b\ .mother drastic (‘hange. 
What IS wanted is a eoui'st' tii theoietieal ai^d practical wttrk 

l’htf«ics. wifli special refeieiice to its a|»plic.dioiis in ('heniistr\. , 

* * # 

This wouid,include exeicises in specific gia\it\ and densil}, 
tlie iinjasurenient ot •volume <d gases, vapour pressure, sjieeiHc 
.ind latent hP.Us, an elenicntarv treatment of the kinetic theory 
of g.ises, theimal dissociation, and sueli .m elementary seheinc ot 
work in eleelrmtv as will leiidei the tlu'on ot electrolvsis and 
electrohtie di""(Hiation char to the student ^ 

t\ftofher m.liter of impoitam-e is the s(ope ot the Halms 
111 Org.mie ('hemistrv llifheito the (list viai's work has been 
(onfined entiretv to the fattv (ompoiinds. and has included a 
discussion of a nuinj^er id "ubstances whu li aieof com))aratively 
no coiiseijiience either fiom the tlusnetieal or industrial point 
of viev^ 'Du' l)en/em‘ and other iing (oiiipounds Inive Ix'tfn 
releg.ited entirely to the second stage The pimeipal industries 
calling for a knowledge of Organic ('liemi.sli> are Soap Manufac* 
ture and D.wyig .ind Coal H'ar Colours 'Phe lirst of tAese calls 
for onK a hniited knovvleiige ot f.ittv compounds, and is mole 
than fully provided for ni the existing plan J)ycmg and Coal 
Ta^Colours, however, demand a knowledge of ben/.eijc dcriva- 
tnes, uud under the present svsUmi a student in thew* industries 
has to wait an uimeeessariK long time hefon? he learns anything 
of direct value in his dail> work. The needs of both classes of 
student would be met if thodirst year s work in Orgaiuc Chemistry * 
contained a Ijriefer treatment of fatty cvnip^mnds and an elemen¬ 
tary introduction to benzene and its denvatises. * 
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U the validity <)t these efitieisms is admitted, the ehojnical 
trades courso niav he written dawn as follows —, 

« t 

I Practical Mntheiiu^lics. « 

}f(ir (’hcniistrv (Tl^coryVnd Practice) 

I PU\HicH (Theei'v* and Pracllec). 


• • • l' Practical MalhcniaticH 
fSVcortd }(fi/ I Inorganic (’hcnii.sti‘\ 

'l\ j Metallurgy, Iron and Steel, or iVlkah Manufae- 
I •turc. or Organic Cheimstrv. 


'IVciinological siilijccts like Soap Manufacturing Dyeing, 
.uid (’oal Tar Colours, ulncli in\oh(‘ a Iviowledge of (Jrgaiiie 
Chcimstrs, cannot l>c uiulcitakcn until the third'year. 

I 

There is no doulit a lai'i'e miinher of men enpioeil m Cheinieal 
Industries who would prolil hi some element,ir\ ehemieal know- 
ledfte Some attempt.s h.ne hcen made to meet their needs by 
adimttyiK them to the Elementarv Inorgiuno Cheimstrv Clas, on 
one eveiiinL'. ,ind allow ini' them on a seeond evening to evainine 
the eommon materials thev use m the Works, These experi- 
numls are interesting, .ind mav he developed eonsiderahly in the 
future The ehiet ilillieultv is that it requires somi' teelinical 
kpovviedge and great skill iii teaeliing to give sound instruetion 
in Cheimstrv m .i limited time to students who aro distinctly 
ill-litted for seientilie studies. 


In arpinging eonrses tor other industries siimlanuelhods hav c 
to be adoptovl. No good puiqiose would he served by attempt¬ 
ing to eonsider these m detail. In general, where an industry 
offers eoysiderahle opportunity for the a)ij>hcatiens of scieVico 
and for the employment of scientitically trained iv>en, not fewer 
than three niglits a week are required if satisfactory progress 
is to lie made. In a number of smaller industries, however, 
' in which ambition is limited by th% prospects, it is often not 
possible to secure atteu4ance on more than two icvenings. In 
this ease the whtde, or a poitiou, u/ ono ovcimig is spent in the 
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work^ho]!. Ex(Tpt iii ('.iipnitn <Ai<l Joirn'r^ and Pantlor''' and 
'Decoratorb/vork, tlio cxjiciw'ot provuling workshops iniiilaU'H 
against Hhe provision of ^aih'ijuuto courses of this i haraeter 
VMhilo some extension in this direction is hoped for. it must not 
bo allowed to devclbp .it the cxju'nsc of tin* fnlliT and mor(‘ 
comprehensive tbree niglit scheme (lemi.illi speaking, ]irol>- 
ablf per^eent or 20 per cent of tin* stud(*ftts jft pivseiit. 
aUendin^ major eours<*s would l)e nnu'e suitaldv pr«)\ided for 
in minor courses of smaller scope and dur.ition, i|Uite apart 
from^ unfa\tmial)!e eondilimis ot emi)lo\ment and (Ins pro- 
p(»rtion \jiries nwlifTerenl schools in most eases the pioitsioii 
idMnii^or etmises coyld onK be pislilicd b\ an nnu’ease in the 
^number of ll'ss ambitnnis students Hut the emnplaint some¬ 
times inad<* tha(*1he nislnntion is above tin* i(*(jun(*ments o( 
the students is not ottcii pistifu‘<| The ma)oiit\ of sidmols 
aii* donn; (he bc^t lhe\ t.m to meet tin* needs of those 
stu<le>its \\h<»se ( h.ira* t(‘i prospei ts .uni nuinliers |us(if\^pubhe 
exnenditure noon tln*m. * 
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DXAMINATIONS AND OTIIKK MVTTKRS* 

riiK wnirsos of instruction wlycli have liccn dcscnhwl are only 
jiossiblo wluTo full mUantajjc is taken of thy aliolijion ifi*tho 
PUciiiontary KKaininatums of the Boar<l of Kdii^atton 

111 this svsti'm (Mch sul)j(‘ct \vas coiisidcf'od indi‘|)cnd('ntlv, and 
a rigid adherence to llic .s\llal)Us g<iv(‘ use 1o,nmch unneceHsary** 
duplication uilhin tlic courses The amount ie(|Uire(l for the 
examination could rarcK he eoveretl it tlie student were taking 
the course in his first \ear, wliile it he reacheil it for the lirst 
time in the second or third \ear the evammafion was too (*asv. 

'Phe midden abolition of a national test of sueh widespread 
inlluence whieli has existed for so nian\ \ea/s h<is imtnrallj 
produced no little eimsterii.ition. <md ha!»' brought out rather 
prominently two national eharact(‘iisties One <»f these is the 
(Kisirc of the student to possess some ollii ml nvognition, however 
small, of the result of his labours in the hum of a eertifieato, 
and the otlnu* is the peculiar lack of coiitidcucc in tlu‘ teacher. 
It mattetisl not that the certil\j'ate which pscdAi beJiuaiiled 
by the Science and Art Department bore the somewhat chasten¬ 
ing ivcknow leilgment -- 

*" III N.iIuu-’h mliiiUi' I'ltok <>i \ a litiU* uin 1 n.nl.! ' 

Such certiticati's were accepted with irratitmle, exhibited with 
jiride, fraiiusl and hung in a conspicuous position w’herc they 
would serve as a solace to sliattered hopes or a spur to further 
endeavour. Nor, w hen tlie art istic and s\ mboheal sheet gave way 
to the seyere .simplicity of a plainly printed caitl di<l the value 
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decroaiic. Small wondor, then, timt it traditinn Iioh j^wii up 
that a student ouRht to Submit himself annually to an oxtornal 
oxainiufT—an individual min'd in iiiystery and sittiiii; in Jiu^- 
"Hjent on the twrk of the* session ' OeoaMonally some prophot 
aipso who denounced the examiner and Ins works, hut j'enerally 
much was mode^of those decisions ivlucli were favourable, and 

a (hseft'ct silence mainbiincd .ihout those wlncheiwra not 

% • 

HariUy had any ono rorovcrwl from tlu» annoiiiu’cim'nt that 
tho Klenionlary Kxanniiatnnis of tlu* Hoard of Kdncation ^u'ro 
to jie riholifjiod than now olannatitK s»ros<* f/tr tiu* adul.dion and 
doforon«‘o^\hi<’h h\d Ix'on shown towards .in oxtornal oxainiinng 
iHjdy 'lTio*Jjan<*adnro and Clioshiio I’nion (d Insiitntos haH 
ontorocl tlio ^iold, <ind in an imrodihK slnnf spaci* of tnno Inw 
proparod to oarrt out tho work Moroovor •'In'inious ofTorts 
are lioing mado to aot up other hodio-w similar in constitution in 
difforont parts of tho countr\ 

Jt^ IS portinonl tliorofoio, to oin|Uiro what art* tho spooial 
disadvantages of o\t<*rnal oxamin.itions m 'roohmcil Sohooln • 
duniifi tho lirst^two voars In those \oai^ tho toohmoal student 
IS liroakniL' now tfrouiut, and ho can host l<‘.irn prinoiplos of (on- 
struction. moohanio;?! laws the tlusirx f)f ohomioal .lotioii. througli 
a stiuly of tho materials tools and prooo««M‘s witiT which ho is 
most familiar And oortainK for tho tiist session ho ought not 
to proceed far outside tho local t_\pc of the industrv in which ho 
IS engaged This is fundamental \ subject mav Im* intro<luc<*d 
as though it*xvor(’of intorcst> to tlic Chinese a <*ontur\ ago 
instead of tioiiig of jirimarv iinport.wici* here and now luit this 
is not tho host wav Anv argument on this )>oint whi<‘h may 
bo ^oooHiArv will bo dealt with in suhsiMpiont ohaptors For 
tHb pn*sonl it may bo taken as ono of the* Himplost axioms of 
otaching, and thoroforo of selioo) inanagi'inont and organization 

How, then, is a sxstom of external oxaminationK to take • 
into aeceunt ail the forms and vanetv of anv ono inrlustry in a 
large area ? Is it possible for an t'xaminor -who mg^t not be 
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cingaxwl in any sclinol within* tlio area—to possOHS that Ijnow- 
ledgu which will enahiu him to foator the right methiud '! la it 
lively that any extcriuil examiner can avoid influeiiAng tho^ 
teaching in the achoola ni aiich a way that fgc method aw.i 
acopc asaume an undesiralile uiiiformily at tKisalagc i Of comae 
when the general priiieiplea of aii\ aulijcet ha\e heen learnt 
they can'iie’a'pplied gencrallj iner a wide Held, ^nd pojjilllily 
heyoiid the Hrat, eertanil\ he\ond the airond ytart' courac 
'the external examiner has an easier task. Hut it must be 
eni))haaized that it is the lirat-jear course whi«h is |)»iiig 
cspe<'iall,\ conaiclereci ' 

The alternatiie to the exieriial exammej is a school examina- 
, tioii eondueted willi oi without exterii.il aid. dt has heen, 
auggeatial that the teiudiera should set and mark the papers, 
and that their standard ahonid be ehei ked In external asseasoi-s. 
Further, it has been proposed that the.se a.sse.ssors .should bo 
iiieii 111 actual practice in the industry. The coat niigJil^ bo 
' dimniisheu by neighbouring sehoola engaging an aaaeasor jointly 
and contributing towards the oxjiense 

But there in a marked tendency on the jiarti of l,ocal 
Education Authorities to iniatnist their teachers They do 
nyt doubt the marking, but thej doubt the ability of the teacher 
to avoid antieijiat mg the examination at the end of fho year, 
and teaching up to certain typical ipications. This danger is 
probably,exaggerated, but the lay mind la not readily convinced. 

So long aa the cxaminatioiia arc of the right fyjio, it is obviously 
an advantage that the teacher shall have siiocially prepared 
for thera^ The problem is to convey a eortpin specified amount 
of knowlcilgo, to develop powers of reasoning, ajid to‘ achieve 
a proper degree of skill in certain arts, during the session. If, 
under the conditions of an examination, without aid from the 
• teacher, the student shows that he Ipvs done what was required 
of him, what more ean be desired ? 

The objection immediately ariws that while this may be 
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grant^l in regard to a givi*n '•chiMil^tluTt* h nothing to nhovk Ino^ 
the work comjiares in sc(»|U‘ and ^talu^.lId witli tliat in soim* 
otIuT school Oh\ioii‘‘l\ this 1'' \i sormus m.iflor. f«»r there ts 
^f^hing to prevent .i ''cliool \\hi<h i-' ''eiimi'>l\ uu flu leiii from 
remaining methci'Ant* !hit li.ne the ohjeilors feig««iien ih.it 
the l'r>l. or lir''U.nid se(ond \e.U'‘ .dom‘are un<l<‘i •ii'MU'smn ^ 
I.s .'i ^’oinpaijjifi\e test ie<[uned in eaeli \e,ir (tl’llft* eonise. 
or will hiVli a lest a1 well miuktd siagi‘s of |>ioi;iess sj.ni* the 
purpose ' If so tlie Boaul of I-alm alion still let.un e\.uniiMfions 
of a^-.tanda#d whieli n supposed* to he suiTahle foi the lluid 
\ear wInh* othei:? of the ('itN and (luilds of London Instituto 
an* Jip|uopri.Ue for ^!iis stag(‘ 

^ The (juestion of .in external (‘\amina1ion in (he lower xearn 
tuniH largeh on tile hherlN of the (e.ieher an<l lihertv unfor- 
tun.iteh ina\ heu.se<l li\ him in two wa\M It may he used hy 
a teaeliei to he indolent, to ns(‘ ,iiiti(|U.ited nu'thods, and to plough 
a lo^ek) ftiiiow when he ought to .u t in CO o|ieiation . an<Ut may 
also he us(>d to develop mws methods (o make use of hifT.students’ 
dadv environment to give life and tone to his ti-aelung, to open 
uj) new tiehls ft>r eultivation Then* aie suielv means ^f dealing 
wifli the misuse of liliertv without inhiluting initiative resouree, 
and professional /e.il ' It there is standaidi/mg inachmery at 
theeiido^fhe Preliminajv Te< hme.il Course (hat is.on admission 
to the Teehnaal S( hool .iml ag.un at the end of the third\eai,’ 
these would ajipear to he sullieient safeguaids It ijj not ns 
though an eu(irely*iiov'<‘l propds<il weie hmiig m.ide Several 
schools gave up the Examinations of (he Koaid of Kdmaitioii 
some vears ago, aiid^munv others have introdmed sulyeets tor 
whicTi lu? e\1t;rnal exanuiung hodv provules a teat, and iii 
these cases school examinations (omlucted Iiy the teachers 
with or without external aid or assessment liave sufliccMl 

And if the substitution^of internal examinations for those 

' lt'd»oiihl ffe ii(»Uil. however, that a hirge joindsr of lli>' Miiallir 
TcLbuival fjcbooU uin oulj ]iruMile a lwo*u.u tom-t^tHOginl^y’ 

49 , ^ 



TKCHNK'AL SCHOOI. ORGANIZATION AND TEACmNG 


by an External Authority causes Local Educational Authorities 
and Technical Teachers to eruiuire more closely into the meaning 
if Tts'huieal Education, its rclatitm to industrial organization, 
and the best methods of sehoi 1 organization jmd teachingy^ 
will surely more than eompeiisato for any iijinor disadvantf^gos 
uith uhicli it may he attended, , 

So nuch '.'or lirst and sccoiiil year courses It now remains 
to consider examinations for the third and higher .Vears. In 
Chapter IV. the writer avoided the discussion of any courses 

hevoiid the second year, hecause the continued existence of the 

* 

Jioard (»f Kdiication examniationfl, corrcftpoiuling to' the second 
aiifl higher stages, ooinplipates the arrangonieiit After .the 

c 

second year the easeiit lals of the course system am of less impor¬ 
tance. The student has hy this time overcome the diflieulties of 
hreaking new ground , he stands leas in need of skilful teaching, 
and ho IS able to work more or less mdei>eudently of the teacher. 
The essentiid unity of the course system has traintst him, in the 
assiK'ialion of ideas and m the correlation of subjects. The 
mental proceasos which the teaching was designed to develop 
arc now,mental habits, and he is cajiahle, with his wider and 
better - organized mind - content, of eonnceting subjects and 
acquiring Knowledge w ithout so much aasistance. In fact, the 
sejiarate subject methiKl is not so di8a.strous to the progress of 
the student m the later a,s m the earlier stages 

This IS a foituiiatc thing The teachers of higher stages are 
generally older, more lixed m their methoas, anil less amenable 
to the iulluence of new edueational iilcas than their younger 
colleagues. .Moreover, the range of the student’s work narrows. 
Ho leaves the broad shallows, and makes acquaintance' with 
the heights and depths. He begins to specialize. ^ 

Let us enquire for a moment what this specialization means. 
At first glance it might Iw thought ^hat the early stages involved 
specialization tieeause of the insistence iijion tpachiiig through 
the locql industry.' Rut this is only a means to an end—on 
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avenue by which to attain the hrotwl and far-rciu-hinj; i)rincii)lcH 
of construcOon, mechanical laws and j;cnerahzations of Physics 
and Chhimstn’ By the aid of those wide tniths the student 
Tlte'ostigatcs otljr mattci's'within Ins roach anil a few outside 
of.it These ox.niiiflcs, however, broaden and extend his mind- 
eoiiteiit, and (‘ntilirin his kntiwhsl^o of Mu' lauh. 

atcr^'fla^jeallothi'rforce to operate •'fIn*8tndont’H 
inferosts'*are narroised down li\ liw industrial rei|iiiremcn(s. 
He may !»* in .i structural en^Miieenn^ and lirid^edmilding works, 
Hiukkc w ill desire to com eiitrat(‘ Tiis attention upon tlie strength 
of inateri.fls and*stnutures He m.iv he in a works in which 


stoain eiuiines are made tind lie max wish, therefon*, to do httio 

• • 

^ hut what l)e.i4-' most closely on ste.iin engine ilesign and economy. 
He ina\ he a Inrikhs- who speeiah/es in sanitary engineering. 

In fact, there will alwaxs he a teiuh'iiey for a student to exereisc 
a xerx stiong pieferein’i* wlu-n he reaeh('> lus tlunl year 

lf«the Ho.iid ot Kdiieation (Aainin<itions eontinue to exercise 
• • 
any marked iniluenet* on the work of the seliooK somefijK'eializa' 

lion will lie e.ss^mtial Thus in Kngineenng there will ho classes 
in Piaetieal .Mathematics, IVaetieal Heonietix and •Hraphics, 
Machine ('onstruetion and Drawing, Applied Mechanics (two 
divtsions), and Heat Kiigiiies Not oite of these* six subjects 
can lie dealt x^ith adequately in less than one full evening a 
week, so tlnit obviously no student can take the whole range. 

The situation is still further eoinjiheated hy the ^oct that 
' many subjects of*the (Aty atid (luilds of London Institute 
corre.si)ond to this stage, and one or more of their syllabuses 
may be followed in^lieu of the Board of Kducation schemes. 

The ^uesHon ansea, is it better to continue the counie of 
initruction followed in the first two years, and to have a 
ourriculum suited to each course in each school for the third 
year, or is it better to folli^’ the schemes of external examining • 
bodies, ^d t<^ allow options among a number of single subjects ? 
For the ambitious student* who aims hi^ t^ere is ao doubt 
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that a further ueiieral training, ill which the tiu'oc parallel sub- 
jocts of the lirst iuulsi'coiid yc.irs arc coiitmued for another year, 
most iU‘sirahl(‘ 'I’his would pfovulo an adiniral)lorf)asis for 
.spccMli 7 ,ati(m, .ind it mfL(ht, without disjwlvantagf^ 
rajy a little m aceordanci* with the dema'ieU of different l<KJal 
industrial <*on<{itLoii.s 

Ah a hiatt*er of f.iet, the eliaraeter and seopo of the in 
tlie tlunl year need not lie mllinuieed very lar«;olv h.f external 
oxaininations 'I'he Board of Kdiieation non no longer awards 
a c<*rtilieate in a single suhjdet In lieu of (lus tlun ofT^r to 
endorse a eoinse eerlilieale (for wliieh a thiuN'eur sAudent will 
1)0 eligible) ulueli contains (he whole reeonl of the stutknt 

4 

during his attemlanee <dr the school It eontams also a statC/- 
ment of the <*on<litions iindiT wlinh the (sTtilicale is awarded, 
and the r(‘sul(s of an,\ (‘\ainiii<i(ton wiinh In* iu<i\ lia\e t.ikim, 
wiiether these are held hv the school or hv an external liody. 

It IS uiulerstood that in appro\ing schemes for these .grouj)- 
eoursoeeftitieatesthe Board \sill emieavour to M*euri‘ a reasouahlo 
unifornutv of st.indard , Imt it is ele.ir (h.it 4! tliere is to bo 
much vakiation in the eliaraeli'i* ot (he third \ear eouix's, this 
will he dilVieult of attainnUMit 

^ The eonsideiation whether .iiu ''peeiah/aliou in the third 
year is necessary or desirable ina\ he left at this stage, for it is 
practically certain that <in\ ilitlieulties which present themselves 
herewiUdo so w ith inereavsed force in th(‘ fonrth year of the (course. 
By that time students w ill he .ihbut twentv \tars of agi‘, and they 
will have before them a i learer \iew of their position prospects, 
and iHlueational needs A ele\er student will probably desire 
to pass to the Day Twlinieal School or University, artd he will 
desire to eoneentratc his attention upon those buhjeets which 
are prescribed for the examination for any available scholarship. 
But on the whole tliis is not the Jvpo for which the Evening 
Teohnical Sohm>l exists. If he is to go to a full-time cttvv course 
it should not, a^ a rule, be later than the end of the third year 
5 ® 
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course. The men for whom the must of no(‘essit\ provide 
ore those who will oontimie t(» l>e induhtnnily empIovtHl m the 
daytimekand we may brielU* coiiHider the kind of work whieli 
ik desiroblo for ^lom 

• Firstly, then, somb current notioiiB must he roujilily handleil. 
At this stapo, fo\; examjile. Machine (’on^tnutHni and Drawing 
di8a,n;je,ir.H as^n seiiarate subject Ajiiihed .Mecharti(*« *nd Heat 
Engines are now studied with reference tt) desij»n. or (lie\ have 
no meaning at all and this iinolvis ap])iopiia1e laboratorv 
work and (hawing Simil.irh (^‘onu'trv aiid (<rap)ije Staljes 
becomes merged In Structural Design 

• Seiumdlv. an engineer nia\ desire to gam some knowledge of 
Jilleetrieal Engineering or of Metallurgy .uid m both eases, pro¬ 
vided that the de^re is ie.is<inah!e and does mit arise out of 
men* cajuiee, no olMaele should 1 m* placed in Ills wav 

Thirdly, students engaged jii soiiu* imiiislrv whieli enipl(»\s 
powyr.imiv desire to a<‘e|nire* some Knowledge of t^n* metele of 
operatmn. emitrol, and nianageme'iil <if tn.uhineu v and*(‘l(‘etrie*al 
efjuipinejit Tli^s is a giovvjng iie-ee*ssitv. an<l one fe>r wlneh 
there are at prewnt verv few attemjifs to ]»rovide. One af the 
most imjmrtant dcvelojmient- in this elire-ctinn is the ]>ro\iHion 
of in.Mtriictiem in Engineeimg forehemists wlio desire to (pialify 
for the qianagemeuit of works Foi such students a eoiirst* 
consisting of simple eleserijdions of tlie ehie*f lyjiCK of prune 
movers, their mode of action the transmission e»f }K»wer. the 
construction o? wafeliou^tes. sIiAls. anel furnaeeH, would he of 
incalculable value in jiroducing sMnjmtlu'tie co-operation 
between the departmenfM of a works 

Jj^ourtMy, Jhc schools must recognize that indusfiy’ has a 
coAmercial as|x*ct which cannot bo ignored The jirovision 
of instruction—preferably from men in actual practice—in 
workshop costs and accoutjts, and in HpecuficationH and esti¬ 
mates, h&s b^mc an ^sential duty ^ of the larger schools. 
Many students leave the schools with scientific lyiowledge which 
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enables them to understand Svnd control the factory or jvork- 
shop, but with an utterly inadequate knowledge of the relation 
oi construction or manufacture to 'commercial success. •' Closely 
related with these matters is the question of indifstrial cconomirfr” 
No young man ought to seek rc.s])onsibilitv m works management 
unless he has some knowledge of the economic factors whiidi 
detormmft to Some extent the successful conduct of,manul^t!hre. 
Apart from what may bo termed purely money ecffnomics— 
banking and finance—there are the broader questions of capital 
and labour, in regard to ahidh a little knowledge*an(l a,little 
sympathy might do a great deal to promote tlfc smooth working 
of the industrial machine l'nfortunatel,v, it is rare to find 
Economics being presented m any but an abstrusound academic, 
way. It begins with high - sounding phrases and remote 
generalizations, instead of a simple analysis of the industrial 
onviroiiment of the class.' The raw matirial of abstract science 
is not _ embalmed in musty \olumea, but e\er present iiv the 
pulsating^ life which surrouniLs the school. 

Fifthly, industrial progress is tlirowing a nyw responsibility 
upon Technical Schools. Modern manufacture is becoming 
more, and not less, dangerous. The use of machinery and 
qlcctrical power is sjiroadiug. Larger quantities of material 
are being dealt with. Proee.sscs are being oarrirvd on by 
machinery which is not sensible of danger, and which keeps on 
working, unless an attendant, with possibly other duties as 
well, notices that things are Aot right. Now substances and 
partially understood processes are being introduced. And an 
increasing proportion of workmen are becoming merely machine 
minders. All these spell danger to life and hmb, ^nd i^is becom¬ 
ing increasingly important tliat the Technical Schools should 
turn out foremen and managers with a just sense of their 

responsibility and an accurate knowledge of the precautions 

« 

^ This criticism wnild hardly ajiftlv to J. A. HolTson’s “Industrial 
Econoimts whl«b has recently appeared. 

. 54 



EXAMINATIONS AND OTHER MAITERS 


whiflh are necessary to protect th« life ami limb and health of 
the workpeople. * 

Sixthly, the school should bo prepared to arrange instractutli 
It new methods? new procSsses, and new gniups of know ledge. 
It,ought not to tiirif out students who-se training is iwessarily 
moompleto, and .who cannot’hope e\er to benefit further from 

attv-ndauco It ought not tsi be the eentro fromswliieh merely 

*%. * 

initial inrfjiration is drauii, but it should eiideaeour to beeouio 
a centre of progress and enlightenineut for the whole industrial 
area whieh^t serves Kor tins pur)iose 111?, school should not 
rely upon its nownal stall, but should enlist the ser\iee of all 

the special knowledge and experienee it e.ui eoiniuand. 

• • 

Obviouslii any oxternal examining body will lia\e great difli- 
culty in meeting*the varied needs of a number of Teeliuieal 
Schools, which are fulh alive to their functions anil in touch 
with industrial progies^ On the other h,ind, theie is no doubt 
that jnternal exaunn.ilions can onh be loudiictl'd ellectivelv 
and ceononne.illv in large schools with ,i wcll-iniglified and 
permanent staff, and even here experience indicates that 
the labour is extremely heavy. The jiraetne of i^shociatiiig 
neighbouring sehoiTls has not so far been tried, and the 
greater number are looking to some organized examining 
body to undertake the work. It remains, therefore, for suMi 
oxarainiiig bodies to break away from tradition and to have 
regard to those essential details ujioii which the industrial 
\nd economic success of the schools depend ' 

Note. —,Some months ago a meeting of Headmasters of 
Tochmeal 'Schools in iSouth Staffordshire was held, 

* dind the following resolutions were passed.— ‘ 

• ( 1 ) That ih the opinion of this Committee the issue of 
ccrtificatee should be decidoil on marks awarded for:— 

(а) Attendance. 

(б) Home-Work, or Class Work, or both, and 
(c) Examinalion results. 

(2) Tnat external examinations ^ould not be utilised in 
testing the progress*of students dufing the first two years 
5S * 
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of a Tcchniea! School Courao. (This is not intended to 
cxohidi' E\iiniina 1 ioii Hoards .formed by a federafcon of 
Scliools) , 

* ( 3 ) 'I’liat an Examinations' Board be formed f(Om the 
I’rincijwls and Teachers in4'l’echnical. Schools. Thjt 
I ho duties ot the Examinations’ Board* bo.— 

(n) 'I’o Mi|>|)ly assessors for the supervision.of 
Inti'cnal Examinations, 

J^h) 'I'o hold examinations at. smaller instjtntions 
‘ xvhcrc such institutions so desire y 

(e) 'I’o make recommendations as to tho eonditions 
of award of certificates 

( 4 ) In order to meet the situation created by Circular 
776 , issucdliy th(' Boifrd of Education, and*to carr/out 
the])olicy therein KHoinmeniled, it is, adxisiUo that an 
E.xaniinations’ lioard should be constitutcif from the 
Principals and other reprc.sentatvxes of tho differ?nt 
’reehnical Just itntions, tor the jnirpose of.advi.sing and 
.issastinp mdixidiial ni.stitiitions m* holding internal 
examinations of a snitalile standard for “Course” 
students in ’reehnical Schools It is therefore suggested 
that each Eocal Eilucation Cominittee bo asked to 
appoint a repre.scnt.itivc to meet the Adxisory Technical 
.('oinmittcc at a .lonit Conference for the conaidclintion 
oi tho xvholo (piestion 
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OIlAn'KR VI 

UKNKRAl, 1'RINC1I>IJ'..S 

\Vh' ri:\ni%'cgtilalion.s are miidt^by (bivorninont Ue])arlmeutB, 
lit I’ublH’^KxRinrtiiiiH Bdilies, nr l/>cal Kdiicatioii Autliorities, 
or»))y^iiiiliviiluals wjio rush into jirint with flioorioa for the 
.regenerationBof the I'lmerse. the liniil Uveeutne Ollicer ib the 
teiuher The he’t l.iid seheiin". on jiajier will go astray if they 
aro ineorreetK intei jpieled If the ordi r of teaeliiiig is irrational, 
if the iiresent.dion la not elear, if the aeciiracy of tlie stiident B 
ini|g'aBBions w not eonatantl\ ehei-keil, if their daily e\iK*rieiioe8 
are not utilised so as to show the piaetieal healing of*the work, 
if the treatment is dull and inHi|iiil instisid of iiispiriiig and 
Mgorous, the Technieal Sehool will fail in largi- iiR'Iikuto to 
aehieve its purpose. The evening student w orks under so many 
disiwlvantages, yet posses.ses so man) good ipiafities for tjjc 
eoininon.sen lee, that the internal eflieieiiey of the school is of 
paramount importance. All the preceding iiortiou of the hook 
has been directed towards indieating the eonditiojis uphieli 
enable teaching ti* attain thdughest eflieieiiey with the least 
expenditure of effort. 

Now there are ^wo things which a student should acquire 
in a T^hnigai School—one is Knowledtje, and the other is 
Stiff. The first of these is popularly supposed to imply brain- 
work, and the second hand-work, llius one generally speaks 
of a learned physician apd a skilful surgeon. But the two • 
aro rarely independent of one another, for the workman's skill 
increases with his knowleSge of the propeij'ios of .materials 
5t» 
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and of the procOBSps by whicli they can bo urnught and fashioned. 
And again, the practico of some art constantly adds to man’s 
knowledge of the \Mirld about him.* It »dl bo apparent! that in 
all industrial life man is primarily ’engaged iH acquiring and 
exorcising some art such as cutting antf jointing timber ,or 
stone, filing, inaehiniiig, or fitting metal, carrying out chemical 
operations on'a large scale, spliiting oil coal in the larges^iftes 
lhat can bo hiiiidled, making rapidly neat, accurate/'drawings 
from sketehes and so on , .and that he conies to the Technical 
School to learn mlire about the jiroperties and itrcngtlis of 
materials, the nature of processes, the mode of iletion and 
ellicieiiey of maehines, Ihiin lie can le.irii by mere observation 
in the faetory, the aorksbop, or llie mine .\lor/'over, it will 
be e(|ually clear that the h'W hours a week which can be devoted 
to the Teehnieal School ,ire iiiMgnilie.uit in eomp.irison with 
the forty-eight or fift\ four hours in the works, and that the 
school is not, and I'annot be, a competitor with a fufi-time 
industrial oeeupation in (hneloping skill in a |ir.ietieal art. So 
that the function of the school is to de\eloj)yhat knoWlcrlgc 
and initiate that skill which are not noniinallv dcvelojied in jirac- 
tioal life, and which are yet neeessar\ in order that the student 
may become a more ellicieiit unit in the indii-strial world A 
very small ac(|uaintaneo with the hopes and desires of^technical 
students, and with the modern tendencies in industrial organiza¬ 
tion will show that technical training is generally entered upon 
in order to escape from inamial labour. * The student sees 
quite early in life that knowledge, added to the skill which ho 
obtains in earning his daily bread, w ill qualify him for a position 
in which he will obtain higher wages, greater liberty df action, 
and an enjoyment of the sense of power in eontrolhng thdse 
very operations wluch ho is now carrying out under supervision. 
In the school, therefore, skill is subordinate to knowledge, and 
it should be confined almost entirely to snpplonientiilg rather 
than dujdieating^ the‘daily practice* of the pupil. Beyond this 
6 o 



GENERAL PRINCIPLES 


• • 

conolyHion furtlier <liscu'»sion upon the teachcr’H cou- 

coption of Jhe nature of kiiowknlp' and skill, and tlie inetliods 
of theirne(|uisitum It will IV ctunenient to consider knowledge 
lirst, and skill i«i a later cfiaptei 
• If any nun will limk hack t)Ver ins past life—not merely 
his seliool or eoJlege e\|M‘riences an<l w ill nrall how he has 
aetpiyisl his jenowledge, lie will he able to classify th^ methods 
of acijui'tttion un<ler the heads ol ^eemL^ hearing, tasting, 
smellmg and ieeling These senses ol si^lit, hearing, taste. 
sineU and ftuuh ha\e heen ti'iintd the li\e gateways of know” 
ledge, hei^use tlft*\ <ire (he iikmiis h\ which man enters into 
relfitio|^ with the xyirld around him II he isolates eeiTain 
Jiranehes of knowledge and (smsnlers taiefiilK how he ohtameil 
hib information he will r(‘ah/<‘ that his knowledge ot material 
things, solids, iKpiid.s. gas(w length \ohnm' and weight, and of 
natural iihenomona such as light, he.it. and sound has heen 
oht.ymsl in the lirst in-taine h\ actual (‘.xperience ijis first 
and most lasting imjuessions. ohtamed in hah\ho(Hl,*are from 
actual eonlaet.with ni.iteiial things A Merciful Providence 
has ordameil that this direct contact shall pjei-cile theImpeifwt 
explanations of the hunuui tongue, and no duld is capable of 
being misled b\ sjKceli until lie shall at least ha\e had igi 
opportunity of getting a little first-hand mlormation about his 
physical and material sui roundings 

Very soon - long behire school age is reached ^le (hild 
begins to ask questions and A^ceivi* aiisw<rs Eveiy answer 
is turned over in his mind and eomjiaied with what he alreiwly 
knows. Those whiiji deal witii malters more or less elosoly 
relaM to tht^ facts of experienee are umlerstixHl He believes 
wlut he IS told, and this belief enters his mmd and hecomcK 
part of his mental equipment, reaily m its turn to receive fresh 
additions. But answers on,matters remote* from Ins experience 
remain ui tluwmind, if at all, as a inerp cloud of words, which 
wait fur their meamng in some further experience or obsenatiun. 

6i 
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TheHO conNKlorntions show the inHacnec of old knowledge 
in the assimilivtion of new Every one knows that the early 
fosaona in a new snli|eet are the moat dillieult, and when some 
knowledge has lieen .iei|nire(l proifreas la injeh more rapid. 

And here, too, we h.ive tlii' evplaiiation of .the dillicultv, pay 

• 

the iniposadidit\, of giMiig real Teehnieal Ediieatioii to .sehoel- 
lioys Hiiow'ledge, then, is partly eypenenee obtained*i^t,<irst 
hand, .ind paillv belief obtained from the aiithoritv ef feaehera 
and te\t-booka hlxperience furnishes the basis by whieh belief 
IS made possible *1 fence * # , 

III hri Ilk I IK) mil’ ijiiiiiiiil jiiiietii'iil ii'iirk-xliimlil. cmiii Jir>,l iiiul 

llir iliKCUMiniii mill i iliii.siim iif nhiiiilil ciiiiii' (ifliiiitrilK* 

' 

The growth of knowledge b\ the .iddition'of belief to e.vperi- 
enee is, however, md, the only means, especi.illx at a later stage. 
Till' ideas of e\perieiiee ,nid belief combine to form what may bo 
called a eertiim mental pietiiie The re-,irrangement o.f^these 
ideas iiian,' form a new pieiurt', winch, in so far as it aids in the 
aiipreciation of new ideas, or prompts to nep .statements or 
eonstrnotions, or suggests new relations, may be regarded, if not 
as new knowledge, at any rate as a new form of old knowledge. 
And not a'little of the teacher's business is to assist, in this re¬ 
arrangement, es|)eeiallv in later >ears 

It is, of course, ob\ ions that a boy aciiuires many experiences 
of materials, toids, processes, and stnicturos before he enters 
the class, and in all eases he has .some ai!i[naiiitanee with his 
plusieal environnient by merely living in it. Hence arises 
the argninent that boys engaged in workshops do not need 
such adventitious aids to learning as models, specitliens', and 
exporiinents. In a limited sense this is tmo For if it f^ere 
not, the old plan of lecturing would have been a complete failure, 
and few students would have learnt anything. There is the 
(dd story of the matheniatieian who, during a fcolidiy visit to 
German}', was being shown over a iiuiversitj building. Notioing 
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an unfamiliar machine, he asked what it was. and on being tuld 
that it was an air pump, remarked, “ Really ' I have lootureil 
on the »ir pump for twenty-five years, but I never saw onh 
before.” Noverflieless. we (my suppose his lectures had not been 
cn(|ircly unfruitful,^iid a few torse descriptive sentenees or a rough 
sketch will convey much to the mind of .an intelligent student. 

<rhete is, however, m eiiormcui.s (htTerc'nce in^the^obsorva* 

• 

tional po\ker8 of different iieopli*. A do/isi men may look at 
one thing and retain a do/.en dilTensit iinpreNsionH Kssentialn 
are jjjj mixed ^Mtll aceidimtals Ih^it the untfained mind fails to 
separate ftiem, aad though each person’s mental pietun* may 
coi^tain the tnith. each has associated >Mth it some little detail 
which gives it^indu i<lualitv Now. if the result of this untrained 
observation or expeneiiec is to be used as a model wliieh is to 
help to explain some new pieci‘ of knouleilge or nu'chanical 
devuM' or cliemic.il proci'ss or uhat not the old is to be used 
as the^interpreter of the ucu .\nd a.s the intcrjirclcrs of these 
twelve students ditTcr among themsel\(‘s. tlie\ \mII speak each 
to his own master in liis own langiiag<‘, so that the teacher’s 
explanation, however el(“ar and su<‘ein<-l it ma\ lx*, litfeomes a 
veritable babel of toiigues 

This ooimcction between the new and the old leads to the 
familiar educational maxim that— 

Teachuuj nhuuUi pruceid fioui flip itioii In llic tpnn familiar. 
This may be axprcjscd m another «a,\ > 

Suppose the figure A represent', the held of a student’s 
knowledge, and the figure B, a laiih of kiio« ledge which it is 
desir^ble^that he sliimld know Then the teaching should start 
frojn some pomt within his original field of knowledge and extend 
the field until it includes the figure H, ns shown in the diagrams — 

© 
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Tliti fiindiinimtul fiict Is tliat this ni'iv knowledge can 
bo ahsorlicd l)\ cxpiinsion of the old, Imt itj cannot be 
pushed in from outside Tlicrc Inust he a .starting •jioint C, 
within the hoiindarv of .\, from which initial advances must 
he made . , 

Before illustrating this point it will he d•siral)le to extend 
the idea'a little further. If the Held of know'ledg (4 of an*ajc?ago 
.sclioolhin lie represented by X, the^lield of 
knowledge of a boy who has entered upon an 
industrial (teeu|iation is rejiresi'iited lij' an 
.iddition Y to this ligure.'so th^t the fiekl , 
upon which the teacher has to draw for illjistration is lajger and 
his starting-point has greater freedom The lignre X will bj 
larger for the boy of better gener.d education, and the tigure Y 
will increase in ar/.e with the longer peiiod spent in the worksho]). 
The spaee Y reiiresents the industrial knowledge ehielly experi¬ 
ence-,which the student pisssesses for a boy who has, been 
in the wlirks but a shoi't time the tigure X will be the best 
position for the stalling point (', in the ease of some subjects, 
but not‘others. Kor a man the more recent expericnees of the 
workshoji will bo found within the added tigure Y. 

, III his ease the point C .should usually full within the figure 
Y, and not within the original ligiire X 

If no such start ing point ti itliiii either of the.sc ligures can be 
feund, then the area must be enlarged, and this is most effec¬ 
tively done by adding (.iprriilfcc through appiopriatc jiractical 
exercises 

In ojeder to illustrate the method a few,examples will now be 
worked out in full. Suiijiosing a class is commetieing' the study 
of heat. Here no one portion of thesiibject—thermometry,expan¬ 
sion, calorimetrj, etc.- can be treated fully without involving 
one or more of the others. A boy yho comes to the preliminary 
technical class is sure to have some notions of tlw eflects of heat 
but they will probably be vague.’’ 
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Tho tiret thcrofiin*. is U) o^iimnu' the knowledge of tlie 
clajw, correct false iinpre.^j^lons. uon'.ohdato and, wlwi'c iieco>ar\, 
extend tjio *htudv'nts’ gcticia^ .UMjn.untance with tho siii)jo(*t? 
According to tho^liost jiracl!*■<*, a (jin'Mion .i>king for a Mat^'iin^nt 
of nil tho olToits oaoh*ho\ can tliink ol wonkl bo s(‘t for homo* 
w<jrk .1 fortnight ^proN lou^lv loil d this has not been done, a 
sero's o4 (juostion'. will sor\o to oxplon* tlu‘ land • 

\Vhu% )pi]>pciis when water i^ heated ^ Ilow tested * 

What happens when water is c(Milod ' 

WImt hajjpens when w.der isjuuhsl in H kettle ^ 

What I ippens^wheii a cold Mirfai'O is held near tin* spout 
(d a l)oiliiig*k^tlle ' 

What haj>jjens wlien siilphnr. iron, brass, etc , are healed ' 
* What hajijiens when yni hold tin* pok<T with one (‘iid in tho 
liie , or tho handle of a teaspoon with the bowl m boding water 
or hot tea ^ And so on 

Suitable experiments shouM be prei)ai'ed beforehand so as to 
dispcf any Ignorance lh.it nia\ be cm ounteied 'rwoer^ofslia\o 
to be a\oi<led One is to assume that imjiri'ssions olitained out side 
this particulai lesson or senes oi lessons arc full enough, clear 
enough, accurate cmdtigh for the starting point, and the other 
is to assume that the sludonls know notlung The teacher must 
« xpiore the stmlent's niiml, find out wh.it he knows and doe* 
not kii(»w'*and act accordinglv The knowledge ma) then Is* 
H\sltnialized by eoinpaiing the efle* is with ollieis whii’h iii\ol\e 
permanent ultA'atioH, oxidation,^.ind comhiistion thouJS;h these 
names need not be used Tins ih lines the lidd m the legion of 
tho point C more exactly 11u*n the ideas which are necessary 
may fee tminiuatize<l*as follows •- • 

Meat — 

(1) f'ausoa an alteration of tempeiatuie 

(2) Causos an alteration of size or \oluiiie. 

(3) Causes an alter,ition ni state 

(4) Is traiLsinitted h\ eonduetion, lonveetion, and radiation. 
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The wiiv IS now preiiarcd fo» iv study of thermometry and the 

aim of the teaching is estahlishod. ^ 

’ This |ire|iarat ion enatilcs the class to enter upon the sjutematio 

stiidv of the thcrinoinctrie scales, {ho method of determining 

the litcd points, and so on ‘ , , 

The students should perform the following experiments 

Immerse a thcrmomctci' in clear ice and ice contaiuilig swne 

salt .. ' 

Imiiiersc a thermometer in steam from (n) boiling water; 

(h) salt solution ‘ • • , 

Also in the water and the solution. .. ' 

The results should be stated and bnellv discussed. Next 

* * 

the scales of Fahrenheit and Centigrade theriiiopietera should 
be eoin]inrt'd. The students should see that'on the Fahrenheit 
instrument the distance from freezing point to boiling jioint, 
the number of divisions or degrees is 180, and for the same 
range of tehiperaturo the number of Centigrade degrees js 100. 
At all points Fahrenheit and Centigrade readings representing the 

F - 9 

same temper.iture arc related by the ciiiiation* The 

curve can be jilotteil from this ei|uatioi., or with a weaker 
class eorres()ondmg reiuhngs can be taken ex 2 )erimentally, and 
the curve plotted. 

Uji to this |ionit the students have been “ preiiaretl ” for the 
new knowledge, they ha\c then aeijuired the new knowledge, 
and they have obtained a general .statement of the now know¬ 
ledge in the ciiuatiou or curve. But the teaching has not yet 
achieved its jmriioso 

New, know ledge is not of much value unless it can be apjilicd. 
So the next step is to use the equation or ciUve to fin^ a 
temperature on one scale when one on the other is given, to 
find at what temjieraturo the readings are equal, and so on. 
Incidentally it may be noted that the equation and the graph 
can be made the starting point ,for an investigation of the 



GENERAL PRINCIPLES 


relationship between them. Tims the attention of the ela^s 
may be drcawn to the form of tho etpiatiun and the tonn ot 
the gru^ih, and it may be a^ked wliether an\ ecjuatum of tlial 
form will proifuce a Mii^lav L'laph A mimlier of eipiations 
in JL and y are ihen worked out ainl the leMilt^- nlott-i'd In 
tills will till' |>V'l|>illlilI MlllltlOll Ilf MIlUllt.lIK'IIUs (‘(lUatlOllM IS 
ir.ACtiliHl, . 111(1 till! stuilt'in k'.iriis soinothinj; of tlilt i‘i|inition 
to II .♦truijtlit line. 

Heforp |)UsMiif£ In iiiiollicr pxiiiiiplp it Mill lie Mpll to slate 
IIJ'.IJII tile •steps III te.liliiiifr »llieli MeiT' used ill tile lust 

one a 

• « 

,1- Theie w.ih the preparation wlueli res\dte<l m the uim 
lieinjr if iiot^htated, at leuNt understood 

II —Tlie newlviiowled^e was aetjuired mainl\ h\ expcriincnl, 
and also hv diMUssion witli the teneher 

III--The knowled^je obtained rndnidiially by members 
of 111 ,. elass M.is liroufrlit tof!ellier, and the s(^erill results 
iigreeiii}!, was expressed as .i gener.il rule i,r rule.s» 

IV -'I’ll Is j^.iier.il rule u.is applied to ji.iitieiilar eases 
It should he noticed lh.it Ihii protediire was from.(lartieuliir 
to general and haelT again to )iarlieul.ii' 

h’nrther. it should he remarked that the linutt*! mimbor of 

a 

experiments and observations do not jirove tho rule—they only 
suggest its in luml eharaeter. Butaiii the liiial stage every apiihca- 
tion to an iiuLiidual ea.se mIiicIi giies a reasonable^ result is 
further evideiiee iff validity • 

The serious business of reiisoinng oeeuis in Step III., where 
the student has to niview his cxiieriments and observations and 
to fSrniulate^ his conclusion. Not all exiienmcnts or observa- 
tiitns are so simple that the bald truth stares the class in the 
face. In most eases individual results have to be compared 
and contrasted, the accidentals have to lie rejected, and tho 
essential# haije to be abstracted, before formulation can take 
place. Whether the exjierihients m Step* II. ^re donp by the 
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teacher or flic stu«l(‘n( im a matter of (expediency. There 
are inan.v experiment'' from th(‘ jicHoriiiance of x\hich the »tudout 
learns little except hou to xvaste <ime But there ar« others 
m which lii>t-hand Kiiowh'djfc and* personal Observation are 
CHsentml. and tliese t'lunild Im* the students’ »p\n work 

t • 

The m.iin point aLout the •'\stein is that |t rejiresents the 

natural \fa\ in which man acijuires Know'ledjre KirSt^ 

slow and tilmrions aeeumiilation of individual facts next, 

the comparison and <'onfrast, tlu‘ analysis and, classilicatioii, 

then the foimulatioi^ of a Hciatal law . and. lastly, the apjihca- 

tion of that law to still umn\esli<^atc(l partivnlar cafa's 

Another iliusfialion ma\ he sotected from mecliamcs ^ 

Ima^iine a class of htudenfs who liavi' eomplctci^fhe s?udy of 

volume and its imsisurcmcnt. and with whom* it is now desired* 

to proceed to the stiidv o! force Tin* Minph'''! notion oi force 

within the students' exix'rionee is weight, or the resistamco 

which h.is to he (*\erted to halaiiee a wemht Tli(“\ are asked, 

therefon*.diow weights are emnp.ired Both tin* heam balance 

and spring halanee will lx* imntioned, ami it reallv matters 

very litth* which is selected lirst lor studv ii tin* spring h.ilance 

IS ehos<“n, it leads to a study of el.istieitv aiul if tin* beam balance 

is^ehoseii, it leads to the notion of the m(mn“nt i>f force Anyway, 

the aim of tlio teaching having lx*cn slat(‘d. the experiments 

are performed, the results disyiisasl and the general conelusion 

stated. |n tin* ease of tin* spring h<ilan(*e m which the result 

will ho comixiied with tin* otiier ehistic hodies^ tin* general 

couclubiou or formulation will lx* Hook s l^au On the other 

hand, the eonehisiou from «*.\pcriments with the lieam balance 
• • 
will bo the (•([untiou of momoiits. KimiUj, tbc iipplK'atKJii in 

both oases will consist of the solution of imibloins, the data*of 

which offer no special dilliculty to tlic students. 

It will be of interest now to consider an example m which 

the starting point C is outside the ligure of common^kiioti Icdgo X, 

and lies.ui the ^annulus between tthis figure and the figure of 
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mchutriai knoA\ ledge Y ^ Con'iidA* a olas<i of Piiilding sttidonts, 

attending elash m the seience of Building Materials and Sfrue* 

• 

tiires. *rhe opening is a (pfestion as to the nature and use ot 
the material nhich w ]>laml lietueen the cou^^e8 of the liru-k 
wall of a dwelling <ihout a foot from the ground It may ho 
a'ssiimed that tlfh stmlents ha\e some i<h‘a uh.it a dam)» eourse 
imd wha4 purjiose it serves, either from expen^nia* on 
huildmg hr from the ela'»s in Building Consfriutmn lienee 
the answer ui!l lie oht.lined th.it luieks permit water to soak 
upwards tTirough tiu’in. Then*e(mie the «pU“stions Do all 
huihling n^ateria^ soak up uatc>r'' D(» .ill soak up u.it<‘i to 

tlih saijie extent ' iVliat w tin* peculiar sirueture uliieh enahles 
.water to risi*al)u\e its ordinarv le\el ' 

Tins fixes fill* aim <tf the te.ichmg and the students are 
prep.vi'ed for tlie folhming expenmenis and dis(Ussi(*ii 

I A dried laiek or tde is vei on <-?id in a di.illow dish of 

• • wafer, .iml the use of w.ifer |v oliM-i\e(l 

«. • 

• Small h]o( ks of iiuihlmg in.iteiiaK aie diied .ti^l weiglied. 

so,vke<t 111 w.iler, wiped and wdglieci .ig.im 
*1 Discussion as^fo tlm •'timlun* wlmli peimit-' tills .disorje 
tioii Tlie nature of poio>»it\ fim- eli.iniiels <»r tubes 
between tlie pailieles .iie suggi-'-.tisI ^ 

t Tlu’ Inpofhesisis tested I)\ imiiuT'>mg one end of sinall- 
liore tubes in water • 

.*). Other jjlustralioiis of eajullanty .ire sjiown aiid^he name 
of the plumomenon is*gi\(‘n 

Then follows the statement oi formul.iiion, and aiijdieation 
to other eases - suyli as lead ilashmgs, <‘flei i of jiorosilv of 
building materials for xarioiis purposes, influence of frost, 
etc., on durability. 

The foregoing examjile is important for two reasons. A 
cursory examination will jexeal the faid that it .shows very 
clearly tlTe rcktion between pure and applied seiencc—a relation 
which is very near the actual conditions of practical life. A 
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closer inspection will reveal tlfc fact that the method is exjactly 
similar to that used in the first two illnstrations. The student’s 
attention is elainieil from the first by selecting a startiifg point 
which appeals to his interests, and tho final applications prevent 
any feeling that flic excursion yito jnire science has been 
unjirofitalile. 

As a laV'r portion of the book deals in detail with the method 
iif teaching the more important subjects, it Hill snilire nere to 
lunphasi/.e again the importance of (he jioint ('. Mcehaiiieal and 
Kleetrieal Ungineenng and (‘hedueal Industries, for cSainpIo are 
bceoming mori' and more highir specialized, find tli^' technical 
inind-eoident of tin' pupil depends upon (he,|iartieular objeetsSir 
materials mannfaetured, and devices (Miiploved in the Horks in, 
which he is engaged. These are fads Hhieh tiie teacher eannof 
alTord to ignore , a nn'ehameal principle or a eheinieal reaction 
can be taught' more readil> through familiar tjpes than in any 
oilier Wijy, The slarlnig pond is determined by tho charaider of 
the local nidustri, and the knon ledge of the student exjiands oiit- 
wanls in e\er Hidening circles fiom the more to (he less familiar. 

The reader who has pondi'red the foregoing remarks will be 
prepared for the statement that the unit of teaching is not tho 
iijjlividuid les.son, but a clearly defined portion of (ho subject, 
which ma> take one or more lesson-periods for its ;rdequato 
treatment The idea of a les'.on-|M‘riod as the unit arose from 
a miscoiifoption of the nature of teaching. The teacher felt 
that it was necessary for hnn'to cover the whole course in, 
say, thirty lessons. So he adopted the obvious plan 
of dividing up his subjeids into thirty, little bits, each 
of which occupied one lesson-period. Now, if, the tost of 
teaching consisted of what the teacher expounded and not 
what tho pupil learned, this method would bo admirably suited 
for the purpose. But the determining factors arc the way 
in which the student .acquires knowledge, an^ thb logical 
structuia of the,subject. In all subjects it will be found that 

70 



GENERAL PRINCIPLES 

' » 

the fa^ts, phenomena, and principk^ arrange theiUM'U vh naturutiy 
in little groups, and within eath grouj) there is much clos(*r 
relationship than between tlu^constituents of two gropps Nom* 
if knowledge is to be of rfny use at all, it must bo organr/od 
knjiwlcdge. and the relations belwc'en facts are equalls as impor 
tant as tho faets* themselves There is not a single subject in 
thduih*le ra^ge of the technical scimol (‘urncnlum uHich lends 
itself na\uftall\ to an empineal dnision into thirty lesson-periods , 
so tha* to make this tho basis of the t(‘aching is to bieak down 
the tiigieal delations which arc iflherenf in*anv bod\ of useful 
knowUsige. ElTet^ive teaching <lcm.inils that this tabloid treat* 
m«it, B^iould l)(‘ ni()(Jif'u‘(l in spvoral ]wrtuiil.iis 
^ Tho first utop is to onsiiro that Iho sulijwt is nriUoii out for 
the wliole session* in sections, without reference to flic anioiint 
which can he done on any one o\eninn The seeoiKf step is fo 
arrange that the class leaelnng shtill include a gisieral introdne- 
torv,i|jseU8sion at the eoinnieneenient of eaeli section, and a final 
review and suninnng np of the wliole tield at the end <»f it. Tho 
so-called lesson^ which have been outlineil m this ehajiter aro 
not necessarily intended to ho eom))lefed in one evening They 
aro intended each to illustrate the treatment of a small organi/.ed 
body of knowledge which is to occupy just so long as is nccessuyi 
for the students to acquire it. Tho ssolated indejicndent lesson 
may occasionally contain the whole of the work of a section , 
then and onl^’ then does it constitute a unit of teaching 

The third stcji'is to make»an estimate of tho number of 
evenings required for each section, to draw iiji a list of exjicri- 
ments to bo pertoijned by the students and by the teacher, 
and to provijje additional experiments and exercises in drawing 
or'caloulation to fill in the time of students who work quickly, 
and, if necessary, to fill up the time of the whole class when one 
section has been completed, and it is undesirable to start another 
on tho femes evening. It should bo,noted that tho scheme 
drawn up is a minimum schciiic to he followed [ly evers stmlcnt. 
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Addition to Mirh » scheme is ftvsy. A^niaximum or ideal sshomo 
which is aimed at but never roaelied loads to oonf^sion, and is 
unsatisfaetorv as a iirejiaration for a subsequent yeai*s work. 
The clover student can aluays bo Vestraineil with advantage 
by being given more diflicult cx{unplo.s to work out witheut 
neccssaiily encroaching on the next year's syllabus. 

It nilf bo apparent that the method which has ^leon outlined 
IS eapalile of the fullest application to the early stages ftf subjects 
in nhich the student has to arrive at a scries of results which 
can be summarized i*ii each casf by a formula or short statement. 
Thus it IS peculiarly suitable for .Mathematics(iiid EjjiWiinental 
iSeionee Hut there are other subjects, like lyaehiiie and I^uildmg 
Construction, and Tr.ide .subjects geiier.illv, in ukich the final, 
result (iStej) 111) is a bodv of knowledge about some structure 
or grouj) of stnietiires, some material or group of materials. 

The u.se of the foiir steji method eii.siires that the knowledge 
shall be aeipiired in accordance with the natural metluid of 
acquisition, and th.it the linal result shall'bo a fairly clear mental 
picture of the field whii'h has Deen explored The fact that, 
instead oi a formula, the student has a jiietiire which cannot be 
expressed in a fornuil.i, or sim|)le statement does not invalidate 
tlje method. The clearness .and .iceiirucy of this jucture can be 
cheeked and roiidenal jiermaneiit by exaiiijiles just oji xvell ns 
by a formula. 

Whatever subject is being taught, the essential uii'ty of each 
section should bo apparent in* the notebooks They should 
represent clearly in scojic and arrangement each little body of 
knowloilgc which the student has acquired, Jnit not the amount 
which the teacher has been able to include in a,lesson The 
notebook is an outward and visible sign of an inward and invisifile 
mental state. 
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SKILL 

On jKigc ()0 aitention w.i'' drawn to llio fa( t that in (lu‘ Twlinind 
S<‘lua*l tin* aVjiiiMtion of ^Kl!l, thofigh sulairdinato to tin* acquiM- 
turn of kin^ivbdgo* was still iH‘ci*ssnrv. No atlcinjit was iniwlc 
to tleliup the term W'^ond the imjdie.ition that it represented 
(iwnhty 111 son*e art The .n'ts which most concern the technieni 
teacher are those of spi'cch, writing, drawing, and construetion. 
These aie not of eipial nnpin'tancc Jhdoic the lio\ reaches tlie 
prehminarv cla-'» lie will ha\c hail 1w(‘l\e or tlurti'cn \(‘arH’ 
prac%nn*in tlieus(‘of the mother tongue, andall tliat the ((;elinical 
teacher can do is to eneoiirage him to d<'\(‘Io)< it m .Iskmg for 
information amt in expressing his dillieultics 

The art of writn^ lags eonsidc^iahh hehmd that o> sj)e(‘(*h, 
and the pow’er to write elearh and sucdiietlv is not often highly 
develop(,*il !^^e^y ho\ will ha\e done some drawing, and maii> 
will havo.ln^d expofi<*iK*c m hand-work at school In neither 
eaae, however, have these been \le\eloped beyond the stage 
which 18 necessary for all men, and the sjieeial prejiai^/ition for 
iiidusCrial life is a function of the hidiistry or tlie T(*chnical Scliool. 

Now all arts arc similar in two resji(*ets- tlie\ d(*i)(*nd in the 
first instance upon iwitation, and facilit} is ac(|Uirc<l by constant 
practice In^teaehing ans art it is necessary first to show the 
student ho^an operation is performed, and then to let him rcjieiit 
the process until the desired dcgice of skill lias been acquired^ 

‘ (.'leati^’e Art may, for our ji^irpoM-, Le legiirded .i- lojjHifliing merel> 
of new ''ombimitions of old cl^^lm‘lll^ uio'li luve jit-cn acpiiied liy iinila- 
tioii ami ptttfected l»y praaiie 
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In rcgnnl to the ability to write clear and correct English, 
the teolimcal teacher will probably say that it is nol^his business 
to remedy ilcfccts. To a certain'extent this is recogitized, for 
the Prcliininary Teclinical (,'onrso ilways includes instruction 
in coinposition, as it is called llyt a man cnsi only write about 
what he knows, and in the Technical School he is getting to kndw 
more aiiA more with each week of attendance. U the w(irk‘tor 
which the stinlcnt is being trained involves not onlj^tlfe know¬ 
ledge, but also (he power to communicate that knowledge to 
others by speech aiiA writing, if is surclynecessaryforlhe technical 
teiudier to see that his .students aciniiro that de)jreo of skill 
which is necessary for the jiroper ii.si' of Jhcir knowledge. • 

In Ins control of notebooks, homework, and in.his own worlj 
on the blackboard, the teacher can do much fo secure a gradual 
improvement in neatness, arrangement, and orderly statement 
of principles, and m idear and (ireeise descriptions of experi- 
ments.^inacliincs, structures, and |)hcnomena A little trtuible 
at the bi't'inning of the session will be remunerative, and will 
save endless annoyance and disappointment jit later stages. 
The student ought to be able to express him.self clearly upon 
subjects within the limit imposcil bj the range of study , to 
lyiiall mistakes of grammar too much importance should not 
be attached. It must be borne in mind that ,a written 
statement is more or less si retlection of the condition of 
the student’s mind. No man, w hose know ledge is unorganized, 
confused, chaotic, can write tlcarly and 'precisely. To this 
e.\tent the students' skill in writing deiieiuls upon the nature 
of the teacher’s method. No one can gy through a series of 
lessons conducted upon lines which have been laidylown wfthout 
obtaining a well-organized body of knowledge. * 

The problem of skill in drawing is a little more complicated. 
Drawing is another means of commynicating ideas. It expt&i&s 
the object more satisfactorily than words, anibis ifhed where 
languagr breaki^down. No one can doubt that a skilful writer 
. 
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can (Iwcribo a machine or a building m such a wav that 
a person wbp had seen similar machines or buildings would 
obtain a’pretty ^ood mental* picture of the thing described. 
But this would be a^clumfv substitute for the picture itself. 

All Technical Drawing resolves itself into two aspects—one 
is fnathematical iir the sen.se that its main purpose is measure¬ 
ment for the imrpose of calculation , the other is representative 
in that ife main object is to exhibit sp.iee relations It is with 
the latter aspect only that these jiiiragr.iplis deal 

The essential feature ot 'IVelihieal Drawing is that by it 
tlio student jjas to •rejirescnt an object having length, breadth. 
and*thi(J(;ncss on a ijicet of jiajier in which only length and 
Igreadth can bashown ni one new This has (o hi' aceonijiliBluHl 
aeeordhig to certain eoiiventions which enable another mail to 
rceogni7.c the object which has been (Ir.iwii The niental jiroeess 
involved is a eoiiijiarison of the solid with a Hat rejiresentation. 
The Hint steji—which oieiirs in the I’reliiiiniarx Te^lnneal 
(.'nurse, or earlier—is to exjilain the (■onventioiis. aiid’to show 
how the drawing. IS made .Uter that progress is made in two 
ways Rajiidity of ^laiiiiiulation of the |«‘nc il and instalments 
IS attained hv jiraetiee alone. Skill in visiiah/.iiig^tho object 
from its Hat representation (reading a drawing), and in deciding 
upon the rjiccssary Ijiics in a drawing, only comes by constantly 
associating the object with its* flat rejiresentation. These 
statements are true whether sketching or scale drawing ** 
aim. Dopying from flat examples—even drawing new views— 
is of very little value in dovelojiing the necessary mental process. 
Keasonable neatness and accuracy are essential, but the jilatforni 
ujion which these two virtues have been elevated in the past 
has hidden the real object of the instruction and obscured the 
true means of attaining the end. Two hours n week is insufli. 
cient to secure much rapidjty and accuracy in the measured 
drawing, But^ much less time than that will enable sketching 
to reach a fairly high standard of usefulness. For accurate 
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drawings of pomplioatod pidl'os of niacliinorv’ the drnwing-offioe 
^is the only training ground, and thirty-eight or {orty hours a 
week is tho moat suitable time t6 devote to t^em. 'Hio school 
ought not to enter into eompetitidn with practical experience 
under practical conditions, for,it can only attempt this by 
sacrificing more imjiortant instruction. In the school, as' in 
the works, drawing is not an end in itself, bat a moan? to 
an end. It must bo recognized that of the thr«e ‘types of 
student that attend the classes, tho average man destined 
for workshop management hill never bo required tes make 
coniplieated dr.awiiigs , tho average man who is ip a drawing- 
oflice, or who will become a draughtanian, will ac(juire*the 
iiece.ssary rajiidity and skill outside of tho school; and tljp 
brilliant student who is destined to o.xereise an inlluonco on the 
progress of indu.stry will eiiqiloy a draughtsman to do his work 
for him. Every student who attends an evening school needs 
practice in sketching real things , if he needs jiractiec in aiypying 
from outlines ho .should not have been admitted. The sketch 
books frequently used an* of little value for tTOehiiig sketching. 
One other point A sketch is made by a nract leal man to save 
tho time involved in a measured scale drawing, and he avails 
liimsclf of sqiiareil paper for the purpose To use a pair of 
compasses for drawing a circle is perhajis uistiliable,.but to use 
a ruler to diaw straight lines in a squared paper notebook is 
stupid. , 

The remarks on drawing ap[)ly with equal force to worksliop 
skill, except that in few cases is the Technical School concerned 
at all with it. There is only one jilaco in wlrich it can be acquired 
with any degree of satisfaction, and that is in tlvi works; but 
abovoand beyond this aspect workshop training is not required by 
students who only attend tho school in order to escape the works. 

There are, however, a few ca^s in which the workshop 
may bo a valuable adyunot to the Teehmcal Sfliiool. Thus a 
number, of engineering students are engaged mostly in repair 
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work-in the mainteifanco and royair of plant used in some 
other nulustry Such stud^nts have often a linuti^d atnhition, 
and tlu\v*reali/.o that flieir t\,tihty tlepeiuls upon tht*ir being* 
able t<i oxeeule rtie work oj th<‘ smifli, Ilu‘ titter, the tunier, 
tlic.^heul-inetal worker*as occaMon re<iuire'' A bod\ of Htudeiits 
of ibis type eaii^e provided*fttr in a school workshop. No 
vei^ grt^t rapiditv or degiee ot skill can be seeuivd, iwt they 
are not Ifkijy to lie called upon to work in conipedtion with 
highh skilled men 'I'he main thing is that tlie\ shall know 
how to set aWuit <ii jol> wlien the n^^‘esslt^ ari«es Such instrue- 
tion sliouk^ eo\er as wide <t range of maliThils and processes 
as jiyssiblc, amt m c\eiw i ase something ot ic.il \alue, as a d<*\ieo 
(W machine, should be*in<i.de Th.it is to sa\, there is no ikhhI 
to aim at skill bv«contnlmtmg to the srrap-heap To put a 
]uece ot metal in <i lathe and to practis(‘ operations «in it until 
it IS reduced to a heap of little liehecs is iiidustiiall\ immoral. 

It Is better to li.ue an .leluevemeiit in (Im fomi of rough work- 
manshij) than to have^uothmg to show tor tlie labour * 

There is one marked ilitleienu* Iwtwei-n the training obtained 
in this ua\ and that obt<uiu-d in the woikdmp In tlie l.itter 
the number oi hours ^ul the eiuii entr.ition ol attention <lc\elop 
a sort ot m.stinet in regard to the properties ot matefials, which 
grailuulh reacts upon and imj>ro\es skill The limited time* 
in the sehool^\oiksTOp renders it necessaiw to accompain the 
practical insliaiction with a senes t»l l(‘ssons on the pi<»pcrties 
of materials, the nature ot proct^sses, ,ind tin* pnipi'r ftinetion 
of various tools This workshop science is not an easy sulijcet 
for which to tind a teacher 

AiiWher purpose for which an engineering workihoji is 
desirable is for use in connection with the class in machine 
construction. Owing to the <hvision of labour in a modern 
engineering w'orks, many students have a verv narrow range of 
ex}H*rieuce 411 t^gard to those Vurksho]i pnxieHse.s which iiiliuem e 
construction and design. The question o'f workshop economy is 
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one which is of increasing ijnportanee, aiM which is a necessary 
corrective of tlio academic charactA: of many of the so-called 
machine-drawing lessons The .teacher will, as a snatter of 
course, he familiar with the kind o^ work the itiidciits are doing 
and their facilities for seeing other operations ; and the existence 
of a workshop will eiiahle him'to give ilemon^trations from time 
to tiimi on maten.ds and proec-sses which will jpeatlj®enhance 
the value of his ordinary instriietioii A few lessons.pUfinoulding 
and casting are particularly desirable, owing to the fact that the 
foundry is often u .separate organization, . 

Ill some other trades the worksho]) takes a nrore definite 

place 111 the teaching. Thus in huilding, a mart in any oge of 

the separate crafts inav have work of wideh varying character 

to eairy out. .lohs are freiiiiently arising which reipiire speefal 

knowledgi', and the general training in the joiner's .shop or in 

dwelling-houses is limited in scope. It is msiial in City and 

Guilds of London Iiistituto suhjis?ts hearing on this industry to 

»* • 

have'workshop classes on one evening’a week This work is 
generullv a.ssoei,iled with the theoretical nistruetion. To a 
certiun^extent it covers the eieryday work of the .students, 
but it also extends much further. It ddals with knowledge ot 
workshop 'proce.sses and eonstniction which it would he impos- 
'^sihle to obtain by an aiiprenticeship under moat builders, and 
it anna not so much at the ac(|Ui.sitioii of skill as ata wider know¬ 
ledge of construction The exercises deiiend for their solution 
upon the skill which the student has previously acquired and 
is acquiring in full-time industrial employment, and this is 
oliaroctoristie of all the iihases of workshop instruction which 
have Ksm or need lie considered. 

It is possible that this statement will meet with some 
opposition. It dejKmds m the main whether we look upon skill 
merely as the ability to cany out a piece of work, or as the 
ability to carry it out with such speed and acciyicy as to give 
the achievement a dotiiiite value under industrial and commercial 
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competition. Probaliiy there arc a^umbcr of tasks in Plumbiiip 
and in high-class Joinery 5n which knowledge and skill m the 
oidinary^Bense are required, but in which time is of less con * 
seipicnce In tlAt case th^ school worksiiop is of value. But 
a jiluniber w’ho has oifly done lead burning in a school workshop 
wvuld make a poor show at sulphuric acid chamber.^ 

inrfom]»c*tition with men whose exiienence and practice can be 
measured m ycais. 

The relation of workshop training to the instruction re<iuired 
bv the artisan ought to make U ai^parent 1.hf*t the jiractical and 
IheoreTicaWtcaeliin^ cannot be in the hands of different teachers 
if the result i? to he satisfactory The wnler is credibly informed, 
howcverT that this sejmration does oeciir in some schools. A 
ifhiversitv ))rofessor may lecture and set an assistant to conduct 
the Iab(trator\ work, but that no guide to Technical School 
procedure The explanatnni in (he ease of tin* uni\ersi1y is 
simple, and need not be diM-Ufscd All that need a*lid. indeed, 
can bcVanl of such a^ij^ractice in the 'rcehnieal Sclna^l fs that 
if the teaching is to be eiomnnica! of the students’ time and 
efloH the class-work and uoiksliop pradici* must be jii the 
closest iiossiblc assi^ation—thc;^ must be one and indivisible. 
Any defect of this kind can onl> Iia\c results I'Wiich bring 
• Technical KdiKation into disrepute. 

There i^imotliPrtind of skill which it i.s important for the 
teacher to understand and to j»ro\ide for. The early exercises 
in many mental opc»Uions -multiplication, diMMoii, logarithms, 
the .shde rule, algebraic factors, etc -in\(*l\e lulcllcctuul effort'. 
The process is at first slow and laborious, tlie student has to think 
hard, and it takes a good deal out of liiiu But it is lufcesbary 
» if higher worC is to l>e attenijited for tlicw* operations to be 
Iierformcd mechamcally and almost without re(]uiring serious 
thought. In this way the mmd can be concentrated upon the 
new work. * 

Here again we have a case in which practice makes ^rfect. 
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Every proeeas nf tins kind bjiould l)c rediljed as far as possible 
to subconscKiiis effort liy siicli frfciucut repetition tfiat its 
•perfortiiaiiee lieioiiiis a habit Jii some cases, 'tliejeforc, it 
may be necessary to (!i\e purely ^iieehaiiieat exercises to bo 
worked aji.iiiist time (li\ a iiieeliaiiieal tt'st is moaiit one which 
calls for no (.hmii'lit apart frftiii the particular opemlion .of 
which iC IS an example ) < 

Hut if tins IS atteiii[)ted, it should be in the early jiaijf of each 
session only, anil its |iurpo.se should bo to recoier ground lost 
during the suiimiee. When ,the .session has fairl.v, started the 
work ought to bo so arrangecl that an imiiortaiit ]i»jceas once 
learned is constantly used Eiery good sehciiic* of teaching 
provides its own praeliec and its own rci'ision. This ^apect .of 
the subject can be e.irricd a little further •The aciiiiisition f5f 
skill is e.sscntially the formation of habits, and there are habits 
of thought jii.st as there arc habits of miisculnr activity. This 
means th<vl the coiistant repetition of a mental process—an 
order'of thought, or a form of reasoning—tends in time to 
doniiiiato and direct the wliolo mental activity The method 
described in Chapter VI. controls the miiids of the students 
to work along lines by which from time Sliimcmorial man has 
acquired hts organized knowledge of the world about him It 
'develops in the truest .sense a habit of leamhig. 

This habit is not merely one of aeiiuisiffioo. TIiu method in¬ 
volves eliissilieat ion, eompari-son, the exerei.se of judgment, and the 
use of 1{.\potheses in Steji Ilf, and in the Invnds of a reasonably 
intelligent teacher it encourages iiiitiativo and develops resource 
ill Steps II., HI, and IV. The question may bo asked— 
Why, if the method is so rarely followed, is success so geucrally 
achievwl ? The fact is, habits of thought have lieeii developed 
m some eases before the student reaches the Technical School, 
and ill all cases it is a more or less hereditary attribute of the 
human inind, which is reinforced a'nd jierfccted b^y eyntact with 
tho material world«fro‘iii infancy onward. The student's mind 
' • 3o 
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therefore norke to wfno extent inJe|K-nclentl.v of the teiiolier'e 
me(hod, and he succeeds in*Hpite of the teuclicr Tlio contention 
is that iV is the student, nfto( all, uho must lie most mentally' 
active, and if th't teacher fo controls the order that it is in 

harinonv with natural* mental processes, progress will be easier, 

• * * • 

sounder, and moigs rapid. 
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TIIH MINOR DKTAIW OF TEACRINO . 

Having dispiiHscd 'ilio gencml principles which unlorlic sound 
instruction, it is now dcsirahlo to consider some of‘the minor 
detivils of method, nnd to oxiuninc sonic of the tdnns whicl\ are 
in coniinon use. 

Eirst and foremost is ((uostioiiing ThertJ arc many classes 
in which (ho whole of the work is apparently done hy the teacher. 
He lectures, and the students ait passiiely oi take notes. It 
has been allow n that however clear may be hia exposition, however 
BkilfuChy may be in the choice of w ords'however great may be 
hia judgment m sajmg all and only that which is necessary, 
the varying mmd-coiitenta of students who are breaking fresh 
ground will inevitably lead to imsundersCuiding In the case 
of an older'and more advanced class the danger is not so great, 
imt eases iii which a leetiiro method alone can be adojitcd with 
impunity are rare indeisl Moreiner, tlicT"arc cUnlTned almost 
entirely to pure de.seription. 

Of eounso the lecturer cap ascertain Imw far hia teaclung 
haa been understood by setting questions to be answered at 
homo; but in the first place there is the ]iossibility that the 
anawerii may be eopusl from a book, and in the second,“it is a 
cumbrous method for the detection and correction of minor 
iniseonecptiona 

It may be taken, then, that questions should be freely 

addressed to the class, and that th"c class should ?'e encouraged 

to put questions td the teacher. The pruiciples laid down in 
‘ « 
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tlie ptC( iMli[i;> fliiiptor wil^ indicAtS that this questioning ahouid 
l>» urganize(l and of sot purpose 

At tHo bopiijmn of tlio ncA\ portion of thcsulijeet, thoobjoet 
of questioning is Ui jisecrSiin tile presoneo or otherwise of tin 
ideas which are nwessarv for tlie assiinilation of tho now 
klio’vlodf'e. At tfo otlier st.ijro of tile teaeliinn is the skill and 
judgment of,tlie teacher so clearly brought out *luBt the 
necessaiA- sde.is and no others .ire uantisl 'I’he so ealled 
'•questions on hack work ' which are often iiskcil at the coni- 
incnccoient of a lesMin .ire too ffeipienth useless So much is 
asked that jhe sUident has only .1 eonfiised mass of ideas— 
inah'ria^ and immats'ri.il in his mind and onlv the shar|ier 
oijes, who cam learn more or less independently of tlie te.iclier, 
are able to grasp readiK the imw knowledge presented 

Questions arc again asked to sfnmilati' the students to 
dcsisc method- of ccpcriinciit.il ciiqiiin Here, again the 
stnde«k oiiglit not to he told to do (■\perniicnts withoyt first 
being led to think //me they iii.i' lie ilinii K\cii if tlA-method 
which tile stiidcut propost-^ to adopt i.iiiiiot he followed- and 
this IS geiieralh tlm case—the mere tai t of Ins mind Mt'iiig set 
working along these lines lieljis linn to iinderstand jiiore easilv 
the nature of the apparatus and the method of proiisliire • 
If. Ill tc^l of Ijihm.iton work, the new knowledge is to be 
presented through .1 drawing exercise, or the exaiiiiiiation of 
a model, the students might to he quite clear what tly ‘y want 
to know .and how tfiev are going* to (ind it out, and this again 
is seeured by approjiriate questions When the students have 
acquired the raw niajterial which is to bo worked up ijito the 
general triitJi yr truths of .Step Ill , questions .ire necessary to— 

( 1 ) A«certaiii whether the students have really understood 

their resulta. 

(2) Help them to arrive a^ the general conclusion 
.Sometinte«*lhe number and nature af individual eases will 

have been insufficient to cnaiilo tho correct coBclusion* to bo 
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drawn. There are too many common features among the 
results. In this case the teacher must enlarge the knowledge 
of the class by adding other individual oxamjiles so that the 
common features aro reduced tot those necessary for tho 
generalization. , 

Some elaa.scs of students object to being questioned by some 
teachers.* ft is largely a matter of personality aiyl oapd(!j,ty (Ih 
the part of tho teacher, and habit on tho part of thentudent. 
If the teacher cannot (piestion, or tho students will not answer, 
tho teaching is eoiiiliicted imSer a disadvantage. Vii that case 
lecturing only remains, and provided the grder of treatment 
obeys to a rcasonalile extent the priiieipjes which have been 
described, some measure of success may bo tyihioved. But 
whoever wishes to alt,am the higlie.st degree*of cllieiency witli 
olomoiltary students iiinst regard himself as eoiidemned to ask 
questions as an essential p.irt of Ins inotliod lie must he a 
perpotpal, hut judicious, note of interrogatioii. ^, 

Thorif are several reasons, lione\er,*tor regarding oral ques¬ 
tions and answers as msuHieieiit to satisfy a jeachor as to the 
oftootiveness of his method It is nnpossil^' m a large class to 
test every .student on evert jiomt—only minor points can be 
dealt with orally , inan> students do not think so freely in tho 
presonce of others as they do at home, and in comparative 
quiet, and it is the work done out ol class whieirfs^o valuable 
in secuviig thorough mental assimilation. Merely as a means, 
then, of testing the progress of each mombfr of the class, home¬ 
work is necessary, and it derives additional importance from the 
fact tl^at it ensures a smaller gap between successive lessons 
in wliich forgetfulness may operate. Too often homework is 
set as though its whole function were to assist tho tedbher 
in covering tho ground for an examination; too often it is 
looked upon merely as special preparation for an examina¬ 
tion, and tho work poiisists largely of aiiswoeing questions 
which have bc^n set in previous years. But surely homework 
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is i>art and parcel* of yip mctHod. a portion whicli, if not 
sjHtcmaticall}’ and logically connected with (he teaching, 
■night almost aj well he omitted It i« necessary, therefore, to 
consider the exact fjinetian which homework may fiiKil. 

• Firstly, then, su]>pose the teaclu'r w islies to start a new section 
of the work at the sixteenth meeting of the ckiss. and (hat (he 
preparation ictniired for this is certain ,scaltcrcd frajments of 
cxpcrieheo which every student is supposed to possess, or ccr(,i,in 
httle hits of knowledge which h,i\e heen ,ici|iiired in the earlier 
part of the session In other wttrds. (he teacher wants certain 
well'imderskood and well-ordered t,nts in the minds ot his 
pupils phich will enahic them to grapple .siiccessfnll> with the 
new prohleiii. The plan he ,iilopts, tliciclore, is to set c.xamples 
for homework on the fourteenth c\eninj{. (he answering of which 
will produce exactly the state ot mind lie rcipiires Anil if (he 
work which is handed in on the littei'iith e\ening shows 
that»\Jie iiccessart knowledge is deleetne, he is ,ihle^on the 
sixteenth evening to make (he neees.sar\ corrcitions. Without 
the cmjiloymeni ot this method the (iMclier has to waste time 
in oral exploratioiy on the sixteenth e\ciniig. or takeai Icaji in 
the dark. 

Secondly, the students iiiav he reipiired to examine sopje 
facts, co’njiaro and contrast, classifi and arrange, and draw 
some conclusion This is work which would iioimally be carried 
out in class in Steps II and III , but there are easc^ in which 
the presence of the teacher is uiiiicces.sar\, and it is gooil for the 
students to be thrown on their own lesoiirccs This inspires 
confidence in the stuilcnts, and enables (he teacher to see whether 
they are acipiiriiig those habits of thought which it is desirable 
that they should possess. 

Lastly, a general rule having been established, it is necessary 
to fix it by application to particular cases. This .forms a third 
type of qheftion. . 

It will be observed that revision has not been •included 
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ftmona tho functions of ifnmcwork. Sfieh revision as is 

« 

noecssary is jiroMilcd in tlic step called pr<‘|iaration, and 
beyond tins cwn |iro|ierly aiT.injjcd scheme iif teaehlfig jiro- 
vides its oHii rcMsioii So far, too, tiie tnnetion has been con- 
liiKsl to the iiei|iiisilion ot knowjedae Tlii» ilcvelopmeiit .of 
skill throneli homework presents'dillieulties Workshop skill is 
ob\ loiisK'onl of the iinestion, but .i i ertain amount nf sketching 
and M'l'bal e\pression is involved in the knowledge e\(*ei»cs, and 
these should receive earefid attention It seems doubtful, for 
reasons whieh have Tieen alre.ilK gi\en, and which w*ill be dealt 
with .ig.iin III I'hapter XII, whether diauglvtsmanship should 
lorni ,ui esM'iiti.il p.irt ol home exercises pi the e.irhet years, 
.\t the same time iiiueh depends upon the eouise/if study and 
the t\pe of sfiident In certain trades, such as building, there 
are main students who experieiiee great dillieiiltt m e.\)ires.sing 
them.seKes 111 language, and it niu.st be remembered that draw¬ 
ing serves much the same purpose as a language The{uero 
fact, howiner, that eertaui students are**defeeti\e in linguistic 
e.xpression should rather be .111 excuse tor more eafetul tr.iining 111, 
than for tiegleet ol, this art .\nd m any ease .some reasonably 
xvell thought out balauee should exist between tho dillereiit 
florins ot skill which appe.ir m home exercises 

There is one widely used method that calls for eonsidcration. 
That IS the plan of vei|uiring draw mgs unlunshecrTn class to bo 
completed at home The alow student may easily lose half an 
hour during the class and another half houl at home. He is 
thus penahml twice over in an oxtreinely unsatisfaetory way. 
This 18 particularly the ease in a class contaiping several students 
who are in engineers’ or architects’ oflicea They,set the"pace 
and standard, and many of tho other benelits of tho instruction 
are sacrificed to drawing. Tlie presenee of students with special 
facilities for acquuring skill in draughtsmanship outside tho class 
ought to be an excuse for less instead of more dmwhig m the 
homew'u(k exercises. 

SO 
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■ AjiotUcr problem of some coil!!C((ueiico is involved m note¬ 
books. Jt^is usual to keop tuo notebooks for a subjeet wlueh 
includes laboratorv uork one for the tbeoretienl and oni‘ for 
tho [iraetieal le.ssons In Ibe e.irh st.if'e.'-, ubere the theoretical 
teaching arises i lit of the practical work in the liibor.itori, 
this is undesirable. If the nofebook is to ropresent tlio kmm- 
ledgip wInch tjie student has aci|iiired. and to be of vaHie to hiiii 
for refe^ieire, it should .surely oontaiii the links iihii h eonncct up 
.successive eviieninciits I'he discussion of n-siilts.and the reasons 
for iiiidcrtTikiiiK further cvpcrnueiil arc i|Uite .is iiiiportant as 
the descriptions o^the e.vpcriiiicnts ihcmsches .\nd if the note¬ 
book djies not contjun these it is r.vther .v hindrance than an 
aid to .studv, ])evau.so it takes up tune mill rel.ili\el,\ uniinportaiit 
matters .\ series of detached e.vperiuieiits iii.iy he of some 
value to an advaneed student who has aeipnreil tho bulk of 
his kiiOMledf;e. and is ajiplMiif; it to the solution of further 
liroljeius, but it cannot hoof much value to the begiiiiier who 
IS engaged lu building ^iji his kiiovv ledge from small hegiiimngs, 
and who,so ever^- step is a further addition to, or sjsteiinzation 
of, what ho has a|yeady gamed • 

At a later stage tho theoretical les.sons cover a wider Held, 
and tho e.xperimental work is a check upon geiieralizatiop. 
Tho theeretieal notebook is then of greater iinportance. Uii- 
fortunately, many students lind great dilliculty in putting down 
tho pith of what they hear .shortly and intelligently.^ lu this, 
no doubt, they arc dependent Ijirgclv on tho teacher’s method. 
Clear, precise statement with a proper eni|ihasis on important 
facts or relations, ai|d a judicious use of the iilaekboard, ccrtninl,y 
faeililato note-taking. Tlio notes taken during tho jirogress of 
a lesson aro generally rough and meomplete, and tho earnest 
and painstaking student naturally wishes to write them out 
fairly at home; but this imposes an additional bunion upon 
one who ft^lready required to attend, on three nights a wc-ek 
and to do homework. Not infrequently wijjtmg oqt notes, 

. . . 
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therefore, encroachen upon fime whjoh ought to he spent in 
answering questions. This is disastrous, and its mene possibility 
demands that theoretical notes should bo redqced to {ho least 
possible dinien.sions • , 

Some teachers prefer to (Uctato their note’s. They save the 
student the trouble of thinking, and deprivd'him of valuable 
practice in e.xpressing his own knowledge in his own language. 
It is no defence of this method to say that the studwiW cannot 
take notes. Every one has to learn, and any teacher who evades 
the difficulty liy dictating is ‘sinijily shirking his sliare in the 
responsibility. There arc certain ea.ses in which .dictation is 
permissible—with an advanced class. These occur, c.j7.,wh«i a 
law' or statement is to be dealt with; or when informatidj 
which depends upon precise statement is being discusswl, and 
which, if it does occur in the text-book, is cxjiressed in vague 
or inaccurate language. But if the students can be trained to 
express^ themselves in their own words lirst, they should,do so, 
and no effort should be spared to encourage them. 

As a matter of fact, the existence of a gowl te.xt-book renders 
a lot of ■oto-taking unnecos.sary. The niere.co])ying out is not 
in itself of mjich value, and is far inferior to w orkiiig out exampies. 
IJor revision, few students’ notebooks arc so good as the text¬ 
book, 

A record of what the student has thought and done is of 
more valjie than one of what ho has read or heard. Conse¬ 
quently laboratory notebooks *all for more careful considera¬ 
tion. Hero again it is necessary to speak depreciatingly of the 
philanthropic spirit which leads the teacli><r to do the pupil’s 
work for him. The detailed notes which are given out in 
some schools rob laboratory instruction of most of its vafuo. 
H the student cannot make his own record after a little 
showing, he u not worth teaching., 

Eirst as to this showing. There are three errors flJ'Be guarded 
against,. One ia^ to put down the operations and observations 
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formally an 1 , 2 , 3 , otc Another l>i to write the deneriptioii out 
in.the egotistical and awkward lirst person Hingtilnr The third 
is to begin with^a list of ,ip|mratus 

The laboratory nojebook ought to be an exercise in English 
It ought to prepar.. the student to write a rejiort in elear, prt'eise, 
impersonal laiigiiitge. It need'iiot eunt<iiii instnietions to the 
laboratory boy. It should coiit.vui the line of argiimrtit which 
led to tAo•experiment being undertaken , a deseriptioii of the 
apparatus and process, and the eonehisioii It should be a 
well-afticiilated whole, and not a diseontiiTuoiis .series 

Laboratojy woik very seldom keeps a student bu.sy during 
the«u'hole period, anjl in the ease of evening students the notes 
should lie mn^le on the spot. In many cases the home-work 
forms an aiijilication of the results obtained in the. laboratory, 
and though it is usual to reipiire the homo exercises to bo worked 
in separate hooks, the teaching soinetmiis gains m homogeneity 
whena^ey are entered in the same one The lioino-work is as 
esseiitialli jiart of the *nstruetion as the thcsiretieal or, jiractical 
work, and there.caii be no jio.ssible objection to a more or less 
com])letc fusion Ijut this depenils entirely upon the jjidgment 
exliibited in choosing the home exercises ^ 

The word " illmstration’’ covers a number of devices used 
in teaching Broadly, " to illustrate ” is to make knowledge 
clear by means of a ]iicture. This picture may be actually 
shown to a class, or it may lx- a mental jiicturc produced in 
the minds of the pupils , 

In the first sense, the picture may be a diagram (brawn 
beforehand, a sketch <m the blackboard, a lantern sUde, ai) 
exjieriment, a mechanieal contrivance, a model, an example 
of fielding nr usmg a tool. In the second sense it is an associa¬ 
tion of ideas, in new or old combination, produced by the teacher 
talking about certain mattoro which arc either familiar or easily 
within thiTpasp of the students. ThQ most important con¬ 
siderations are those which deal with actual'pictfrial illustration, 
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There is no cl(ml)t that nitli keginners rcadj--iuade wall dijgra’ms 
should be very sparingly used, eaiiceinlly if thoj are at .all 
coni])licatcd. A eom|)lete diagram must bo analyzed before 
it is understooil, ami tins distraets atlontiou, breaks the thread 
of thought, and imposes a di.stinft disability, upon those wjjose 
jiower of reading a draiiing is Veak 

A blackboard sketch, growing under the teacher's Rjnd,'is 
apjirehended step by step as it grows Tlie nientai (g’ocjss of 
each student is smooth and ste.idi, it js not subject to jerks 
which the sudden fefereiiee t 4 i a eoinpleto diagr.ini*i)roduees, 
'rile |)re,seiiee, inoreoier, of a large diagr^im in a |iroimneiit 
position IS liable to attract .itlentioii long beforc'it is reijuu'ed, 
and to interfere with those parts of tho les,soii which preccsle 
and follow its use A |)arti,il recognition of'this oeeiirs in one 
school wliere, the writer is informed, the diagram is eoneealcd' 
by a eiirtain during thi‘ earlier jiart of the lesson. When the 
|i,s\ehologieal moment has .vrrived the teacher gives a signal 
to his ai^jiistant,, who uiueils the piotiilfi with dj'amatie cllect. 
It 18 not to bo assumed that this method is rceonimondcd, Tho 
Jioint at^ksiie is the use of w.ill diagiMins for junior students, and 
the advice tendered is that thi'v should be*sparingly employed. 
It IS usual to eritieize the use of lantern slides on the ground 
that the room has to be darkened, and the students are not 
then under elli'etiv e obsiTVjjtion If tins liail"aiiy force the 
teaeliuig is ojien to more serious criticism from another point 
of view, for discipline—not of a mihtarjf character, but a 
reasonable orderliness—is a tir,st essential. Generally, however, 
the use of the lantern itself ensures attention—jiroviding it is 
not jirSlonge’d, There is sumething fascniating ubouV the 
brilliant white disc that neither the blackboard nor tho hden- 
backed diagram posseascs, and a few sUdes shown periodically 
are a stimulus But this plan shares tho disadvantages of 
wall diagrams when aii^ attempt is made to showt’-winphcated 
drawiiij^s to young indents. 
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Hardly less imiwrtant are those mental pictures which the 
toin'her endeavours to conjure up in the minds of his students 
by n few* (jncstions or hv ii ^i\ id dcscri|ition. Th(' chief use 
of this IK to help the studcips to nndersland the wide range of 
• a lajc or jirmciple at which thyy ha\c .ivriMd h\ the study of 
a hunted numhettsif eases Thiis tlic doilrini' of energy has 
, ^0*1)0 yfarilied,an(l estahlishcd liy rcfci'cncc over a uhh‘ held 
of sfi^ntj^c.ictiviti-, mill each ni'W illustration prcscntcil to the 
class extends and deepens their knowledge Soinetiines also 
ilhlstrations'are needed in the foion of expft’iinents performed 
or m ordyr Imi.iih'H Ihc pjcM'iitatioo 'I'ho kmm- 

that can 1 m‘ a1 lirsi li.nid i.s oltcn mi .small .is to 

ictRl(“r gcncralyi'.aljon dillniilt lllnstr.ilion is hero of service 
m adding to tho*mind-cfintciil, and fijvnic fliat substtintuvl 
basis upon wlucli coiu-lusions can icsi satch IVrh.ip.s the 
coinmoncHl um* ot dlustralion- .ind flie <»ne winch should la* 
most g'lrcfulls avoids! is that which is niMcssitatcd ))V inade- 
prcjiaration a law, or tlietirv, or dowTjjiiion it 

flung at the cla.ss, and (he .students f.ul to gra-p it owing to the 
cognate ideas not being prominent in the mind to meet ^ The 
class IS asked to accent a form of wonls, and then tluw words 
are ''cxidamed ” hy all sorts of illnstrations This is teueliiiig 
backwards The correct order is from the idea to the word, 
not from the worfi to "he idea 'lju' reierse is only justiliahlo 
when a statement is to he examined eiitieally as to its meaning 
and vaheUty, and this is the wor|j of aihaiiced students. 
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SPEWAL METHOD 





('ir.\n’ni! ix 


• Tin; I'HiT.iMiN MtY rmiNicn. roi ii'ii 
(il;Si:llM, I’/MMIK-- * 

t 

Tiif^ wliolo (.wflrso coiiMsis of Pr.vcticiil M.^Hiomatics. I'rivctjoal 
D»win^?, KloiiKiUary Scioncc*, and Since* Kloinciilary 

Science cleinan<ls (|uaii(it.i,tive or imnicrical treatment if it. is 
to he tawght e(fcct.i\elv. it ^e(jlu^e^ from tlio eommeiieement 
more Mathcmatifs than is «ii\en in tlie liist three months, and tho 
jilan oj teachin^f it throii^diout tlu* llr^t \<‘ar is a ha<l one Thero 
is no oTijection. hoMoV?T, to its mlrodiiitioii m the Jast two 
iiioiiths in a inodiiied form, ami this overeomes the olijeetion 
that the uhole s\ll,ihus m wjenee (.nmot he ro\ered in one 
year. It should he hoted that tin* siilgeet is optionffi^n the 
first year examination, and that nothin^ tlnTcfore is lost by 
not inoseutinR it 

There are some eiirtous notions abroad as to the nature of 
Taetieal Mathi'inatios, and the ino.st pre\ah*nl is the view that 
it is merely a sci.smA’s and jiaste editnm of pure Matlieniaties. 
This view probably arose from the stalemenl that it was 
intended for students wh(* eannot atTor«l the tune for a complete 
courseM the latter sulijiKd. This is one of those haff-triiths that 
do sfe much harm I’raetieal Mathematics m intended for those 
who do not nee<l, an<l perhajis eannot understand, an abstract 
subject. It IS intetid<sl for tin* a\<‘ra^e man wliose aim is not 
Matbcmatioapvbut some .subject to the study of wfiich Mathe¬ 
matics 18 a useful instrument The word " practical " iinplies 
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mainly that a inethcxl is iis'xl which is .Mlaptetl to conveying 
mathematical kpoa ledge to those who want it for some practical 
puriiosoH. The (lilTcreiici' from Pure Mathematics is a (Jiffcrchcc 
of attitude rather than of subjeet 

Lot us glance for a moment at the way in which Mathematics 
arose. In the dim dawn of nrm’s life on thp earth he could 
only hawe vague notions of his surroundings. As his faiBilfarity 
with them grew he became able to distinguish similarity betj^edn 
objects, and to be conscious at first of “ one ” and “ than* ' 
one.” With inoreating jicwop of e.xact comparison Ho came to 
add, but this could only be done in connection with caclTseries of 
objects or interests, .\fler a time he could say how many cattle 
ho j)o.ssossed, and could state the number of moons to and frgm 
his hunting ground. The sense of personal loss involvntg 
hardship or increased labour let to subtraction. I''rom this 
stage he pas.sed to multiplication as a short method of addition, 
and to division as a sliort method of subtraction. And in this 


slow, unconscious way he aeipiired the habit of doaluig with 
such of his surroundings as were measurable. 

iSo far he had dealt w ith number, and iiuiiibcrs, as wo know, 
express facts about particular things. Tney are incapable of 
expressing general truths, which involve language, bgt words 
arc rather eiimbroiis and symbols arc used instead. Symbols 
are, therefore, the shorthand reprcsentitvionsTjf general state¬ 
ments. Perhaps the exact relations of symbols to figures will 
best bo illustrated by an c.xamplo. The distance traversed by 
any moving body in unit time is called its velocity. A body 
moving at the rate of 4 feet a second for 2 seconds covers 
a total'distatioo of 8 feet, in 3 seconds 12 feet, in 4 seconds 
10 feet, and so on. Similarly in 5 seconds a body ivith 
a velocity of 2 feet per second will cover 10 feet, of 3 
feet per second I.") feet, of 4 foot per second 20 feet. 
In all case's the method of fihding the distj^ice covered 
when the tmie is given is to multiply the velocity by the 
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tinfc. .This^ast sentAico is a vorbul statement of a f;cncral rvik-, 
wliioh bccoinps more useful if cxprosw'd in symbols. Thus, if 
S stand# for the^total distaiic*', V stands for the velwity, and 
T for the time, the goperal Jrath is represented l>y S = V v T. 

' This formula eaii bo used nj the .solution of other particular 
cates, and hone*-the natural* order of learning—Erom Me 
lie (jencrul mul back wjiiiii lo the imriitular —is 

be remarked that the process of thought in 
an equation is a mare valuaflle mental training 
than the aji|)hcatiyn of the equation to the solution of the 
proUemi^ * , 

^•Now the i^e of .symbols for ligiires is the .starting-point of 
another body of Tinowleilgc called .Mgebra, nhii'h for a time 
runs alongside Arithinetic as a generali/.ed form, and then 
proceeds beyond into regions of thought where .Arithmetic 
cannot^'iiter. Kor all practical purposes, howeier, Algebra 
should take its pliu'e itS gcnerali/.cd .\ritliiiieiic ^ 

If the begininiigs of (leonictrv could be exaiiiiiied in the 
same way. it would be found tli.it the earliest aeliiejeinents 
were in connection with practical needs. I'lveii at a IfftiT stage 
of its development the method of inferenee Iroiii the particular 
to the general preceded the method of deduction from the 
general to the particular , 

Many (Ksiple seem to think that the new Mathcniaties consists 
simply in the removid of certain nicoiisisteiices the clarifying of 
certain obscure points, and the ajiplication to more (iraetieiil 
problems. But this 4s a small portion of the matter. The so-^ 
called Practical Mathcniaties is not a new siibjccf, but a new 
met&od—so far as schools are concerned. More correctly, it is 
the employment of the method by which man from time 
immemorial has acquired exact knowledge. The deductive 
method is 116 t rejected, but it is deferral to a later stage for 
the professional mathematician, and should bo relegated, as 
97 . 
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I’rcifessiir Perry mice put it.'to the Philosophical 'I'acullies'of 

tho UnuersilieH . 

• • 

Now to .1 };reat extent the teehnieal stiwlent is ^limiliirly 
plaeeil to priinitiie niiin Me hii-} limited tune; he wants 
exact knowledge of material thijigs and physical iihenome.pa; 
and he wants siieli niinierieiil,'alfjeliraie, ami geometric forms 
of e.xpri'ssing this knowledge as will enable him to uiuTiyst.ai^ 
others eng.igecl in the s,imc pursuits. This im))hes that he 'ffmit 
be I aught what mathematiea he reipiires thioiigh thos' ■'matters* 
ill which he is directly iiiterested It is obvious that if, as has 
been postulated, Practical Mathematies is tho <|Uaiititati\e 
study of me.iMirable things, which gi\es precision and exactness 
to ide.is of (|U.inlily, size, shape, weight, and physical properties, 
it must begin b\ ooiiiitmg, me.isurmg, weighing material things. 
The particular things then, of w Inch the technical student desires 
exact knowledge form the basis of Ins niatbeniatical teaching. 
This \ieu emphasizes the point that the p.vrticiilar things, 

t 

through which the inalhematics is titflght should secure first 
attention .\ccording to the old and still the common view, 
the onli'r was determined b\ the kind of mathematical iiroeess, 
and tfii* stiiilcnt obtained, l.iborioiisK, a logical structure of 
mathematic,il method, with an aceiiniiilation of miscellaneous 
facts about the things m which he was not interested Assuming, 
therefore, the principle tli.it Pr.iclieal Mathematics cannot bo 
properlv taught cxcc|it through .wtiial eoiitaef with lealitics, 
we c.in proceed to set forth a syllaliiis of a suggested 
Prclimiii.ir\ Teehnieal Cour.sc in detail 


' ' FlltST Yk.xr 

Siitmox 1 .— Mai'iurnninl of str.nght lines with a rule divided 
into i', inch \ddition and subtraction of lines. Revision 
of the simple o|>erations with ffaetioiis. Seale Drawing as a 
fraetional e.xereise. .Applications to various proolems which 
can he solved by fractions. 
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■ Section IF.—treated ih tho same wav as in Section F 
A/Fcoiiiial I'^repardisl a-, a Milfiar fiiwtion in wliicli tlic dfiKiiiiiii 
ator calf 1)0 writ^oii down from an nis]MH'tioii of Iho iniiiiorator, 
and IS thoroforo oinit,l(sl ^('oinpariviii iiilli ))oivon(a^os wliicli 
call bo roKardod a». fractions ni winch the ilciioininator is IImhI 
afid thoroforo nitsl not lie written Error of incasiirciiioiit 
as ^ fraction, .i tU'cniKi], ami a })crc<‘ii(.i.u;c^ 
hi -Mftrtr St/.\t<nt. li.Kio of iii<‘h to ccnlnnctrc 
rcprcscu “J j,n*a|>lijcall\ (’FMi\iT>ion from Kn^lish to Metric 
I'lllts • 


Siicrios • IV • htM'.inci aiifl Iiiik Vdovtlif Itclalioii 
c'{}m‘ss(^l li\ formulTi S V T. whu’li is rc;(ar«l<*(l incrclv as a, 
sJmrl statcim^il • Vanal)!c ami a\ciM;^i‘ \i-lo(j(\ ujlli ^fraphicnl 
illnslrations Dia^r.uiis <>f (lispl.u'cmcnt 


aVo/f rp to tin* cml ot Section 111 the F)hject has heen 
t^sofoI^l • 

*• (I) 'I'o i(‘\ise thi‘ hov's skill in iisintf IractKiiis ami 

<h*rimats j 

( 2 ) 'I'o (leejxni his si-ji-e oi plivsnal ma^nntmle'- 

Velocifv Is mlr<nli.co(| p.utls hfianse all ^^o>h aie 
mteiested in* nioMii^ hodics :ind ji.iitK li^F-atlse the 
i(h*as he at tin* base of phvsK.il sFiciiie and* its apjilica- 
tion Om*e inl!odiic<‘f|. theie should haidl\ e\er 1 m* a 
ueek m which a <pn*s1ioii N rot srl upon it 

Skction V Mcidtrimnil of rurntl ///ns In e\p(>nmcntal 
luethoilM Tlie ratio of the circumfiTcncF* (»f a ciich* Ifi the 
diameter. Meaniii}? of an .ipproMinalion in tasi* of im'ommeii- 
Mira hie (plant it ics 

The result exjire^sed as a formula—^, r 

^Sliced of»aheels, jnillevs. and helts. 

*Y«/c —'riie measurements of curved lines are prep.iratoiv. 
In iwcertaimng in dillerent circles how mam timch the 

' Some U-a<1i«m nitr«Klii<i‘ ('•^ili.attsl iiiutliods nt iniiI|iph<.ilion .iiid 
tliMSion at stage, hut thcie is a glowing IkmU of opinion that tlH*\ an 

lint w«)rth the tmuhh*, csjK'f lally when*, a^ in*snyii* t.uK-s, Ifigaiitliins aie 
mtruduced in the set'ond ^eai. 
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eireurnfereiice is groiiter thiiii the Miaineto/ oacjf boy 
ine.isHies up several eire.les (<’()ffAe tins, eto.), and the whole 

c • •* 

are eiirnparisl. The eonelgsion is that uonstant. 

The I'e.il \.\lue is iKitt (51x011, ^nd jwoblomu set. Among 
these lire such piol)lem,s igi the folloxving — 

Dr.iw a eirele ,‘i" diipneter Let this rciirc‘sen£ .a 
piillev to a scale of I" 1 ', ‘ 1 , 

'if this pulley is rotating at (id revolutioy.s pet nynut^ 
how iiiaiiv revohilioiiM doe.s 
per second ' 

Wliat IS the velocity of a point on the rim__''. roet per 
imniiti' ' e 

Dr.iw another eirelo 1 ” diameter, with iti^ centre 
tr a«.i\ from that of the ' lirslj • circle. Lot 
this represent another pullov to the saiye siialc. 
Draw a belt passing round botli [lulleys with ruler 
and com [lasses ■ ' ’ • 

How m.iiiy feet per minute is tlie belt moving ( 

How fast is the run of the second pulley moving ' 

How many revolutions [ler minute is the second pulley 
> making t 

, , With a good class this can be extended sg ui* to 

establish the formula •* 

N ^D, 

N, D’ 


Ttnrl even [irobleins involving slip caiitie ,solvcd 
on seiew's (Mil be added 


Questions 


Skction VI AnijuUir mnmmmrnl. (t(omelr<j of the circle 
- -angles at eeiitie .iiid eircimifcrenee, aiiglc in a scmi-cirelc, and 
tangent. Lengths of .straight and croased belts. Oonstruetion 
of inseriiied regiil.ir [lolygons from angle a# centre. 

Sole ---It IS just as well to introduce positive and negative 
, angles straight away. Angular vejocity can easily bo 
itiidcrittood bv a good class Circular measure, however, 
may Ih' deferred ' ^ 

Sectioh Xll.-- Kcelamjlet to be drawn on s(|uared paper 
and rule for area inferred and ex])rcsscd as A - L ,< B. 

DiagomU. Equality in every resjicct of triangU: so formed 
to bo demonstrated'by use of traciiig-paiier. 
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7 'i< poniSfioffraj^ aii(ljmctlii«l*<>f (imlintt if< nrcn. Fiirmulip 

fi^ area of.parallelogrnm— 

* « • 1 $ x H 

A = R X U and fur trinnglo A - . 

• « ^ 

'fk/valily of aha (if iiarallelodranis <ir triangles iiii xaiii(> 
tasc^ 1*11(1 betw(^ii i-anie parallels ^ 

«p(«tt nnd w/aarf-roo/ liv inspecliiin, liy facters, and liy 
• • fli(?«5jllna*iv prneess 

A'ofr.--^lie abiive si'ction n'ally contains kliii'c or four toa('liinj» 
sections, but they <ir(‘ trrou|M‘(l so as to brniK out the 
(’lose^oune*'tion l)(•tMoen the (’(siinetrioid properties and 
formulib. With iiiueli of the work the boys ought to 
iR) tolerably‘fainihar before they come to the school. 
The yaruvtion of area of triangles on same bas(' with 
different altitudes, etc . nia\ be plottisl 


Section VIII — Ahjthiati' miilliiiliciilmn nmt Juctori. The 
inetluKls of Section VTI applied to the earlier ligiiressif Kuelid II. 
Actual»lengths to be l^tken first, .vnd then sMiibols to We used, 
showing the relation betwi'en the product and the fifetors. 

iVotf.—Some practice in. algebraic tr.insforniatioii may be 
given herc.ifethe students apiwar siillieiciitly.iilterested. 
Whether this is necessary <le|)ends upon the extent to 
which sMiiliols liaie been introdueisl into the exaniiiles 
follow'ing im-Mous sections. .\ great d(-al of drill in 
formal algebr.i.ean be dispen.scd with if the student 
gradually uci|uires the liidiit of dealing with symbols. 
Multiplication by binomial expressions is sniliciciit, and 
long (livisioi* will not be reipiired for \ears, if (A-er at all. 
Some teachers may desiredo give spisnal practice here in 
simple equations. Tlio absolute iiccc.ssity for this is subject 
to the same considerations as algebraic, manipulation. 

. Index notation may be intrixluced here. Jt is advisabjfc 
to wNirk first some examples employing the notation 
° aaaa for o‘, etc. This was the last of a scries 
of notations preceding Newton, and in the original edition 
of his “ Prmcipia ” he used the two notations side by side. 

SECtnwa'IX.— Areas of inscribed square, pentagon, hexagon 
(constnicted according to the method of fiction VI), compared 
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with that (if the (iii lc in wlnt'h thcj^aro ifll insont^l 
oxporimcntal inothod nf (iiidiiig the area of a jiirclc. Tbe 
method of lindiii)' the area of ati anmthts dcjluccd frtm this 
and tlie rule emliodied in the fornjnia—, 

(R'-r-)ir = (R*i-r) (U-r)if. • 

(This IS important' for eiif'ineerinj' students, ain't so also jp jatij^ 
of areas.) The area of a circle plotted against radiits and againij^ 
scpiare of radius, and the curves eonipartsl. ' « jT , 

Smtion X — r«fM«i(' 0/ rirl'inquliti .so/ufe-etihr;' sqimre, 
reetaiigul.ir, .iiid triangular prisms , and cylinder. The pyramid, 
eone, and sphere to he omitted Ciihe ail'd erlle root of a 
numher (exinwtion only hy taetors) Calculations on ueight 
and volume. ' ' • 


Section XI.'—U'tn//d cvnuidonl as a force. Comparison of 
weights li\ spring halanee Extension of a sjiiral spring and 
ruliher eon'l. Comp.uisoii of curves, liiterjiretation of the 
curve flir jtiliher, and evannnatioii of the'ruhher when sfaelied 
to ascertain cause Single, dotihle, and trelile rubber cords 

stretched to the same e.xtent and fvrees eoni|)arod. Hence— 

^ * 


StreSs= , 
a 


Strain = 


I, 

I 


Elasticity 


Stress 

Strain 


Section XU-• Compufi.w/i of wnylits by beam balance. 
Moments and p,irallel forces. ,.\piilieation to ))ractical problems. 

Xote -t All refeiviiee here to the three order.s of levers is unneces- 
sarv The chief .ippheajioiis of the piineii>le of momenta 
are in eoniieetioii with the beams and rotating ]iart.s of 
machines tew simple e.\ani|iles on the reaction at the 
• pointspf .siippoit will be mleresting, vind students sjiould 
understand whv a large wheel is an .vdvan,tage on any 
draught v ehiele. « 

Section XIII .—of yranlalion e.\plained hy reference 
to parallel forces Centre of gravity of regtilar figures found by 
drawing, and' of irregular figures by e.\periment. ... 

' ’ footnote on p. lOt). 
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Note—'Alls p*vrt t!u‘ work ^ imt oftoii skilfulh 

inul it ma\ bo usofifl to iii\o full<T l^oto^ of pnMcdino 
The following <im*sturns m<i\ Ik* U’^koii -- 

» 

(1) In (\liat dirortion <lo<*s a bods f.ill\slion lt^ ^upJ 1 ort 

Ih lOlftONt'tll'' 

Whv ^IlOuIl^ It. f,m ^ 

Wlljik iMUM’s a 1 kh 1 \ to ino\o ^ 

Wliutdovou know alnmt (lio duodion of a b>i*(‘o 

• ami Uio direct ion in nnIikIj a bod\ <u fed on by 
, the bnve teiaU ino\e ^ 

( 2 ) The \ertn al is <t hue <lr.i\\n llnou^li .i jiomt exactly 

over \our h(*ad. t«» a |»oiiit exaetU beiUMth 
If It vM'ie |>ioduee<l dounvvauls tliroii^li uliat 
point m the earth «oul«! it pass > 

• If tlft* uei;:ht ot a bodv be due to .i foK <* aetintj 
betv»een the eaith and the bods, u ill (hat explain 
tlie leiiilenev to tall ' 4 

• 

it inav now lie stated (hat even )><n(iele td inattei in 
the uni\<'lM* is brheved to .ittiait even othel paitiele,* 
an<l that this fot«e deeieascs with iiuie.ise o 1 dntanee 
between the (enties of aiiv (wo bodies, which are beinj; 

• eonsidiTed 

* Tin* lesult (A w(“ighinjf a horlv on .• s|)iin}r balance at 
rldTeivnt points (HI, 01 at dilb-nnl elevations ^ibovr*, the 
eaith’s surface may next be L'lven It will la* Mated that 
tlieir* aie two pi<)})eiM(‘s one whw h altiM.s, and one which 
do<‘s not alti’f, with position The ioiinei is (^ifr 4 weight, 
and the other mass 

If a bodv has weight re, an<l in.iss expeiieiKC sliows 

that - w,. then re, wheie tj v.uies aer oidin^ to the 

U • 

ilistaneeof (he bo<lv fiom 4 h(‘eentie of the e.irth and to 
the densitv of (he locks beneath In the same way, if 
theie Is anwtlu’i bodv of weijihl re. and mass (hen at 

the same jilaee as tlic li?sl bodv ' ui^. Conijiaiiiig in 

ami V'. wc h^ive- - 

" le,. 

Tlie f/s eaneel, and the tormula asserts that the vveijfhts 
of two bodicH have tin* same ratio as their masses. Ah 
nearly all praetieaJi work m M<rhanieH» mpiii’es only 
c^mpansona, wc are justified iiumeasurin^^ ma.sseH by the 
same units as those used for measulmg weights. 
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Th(‘ latter ])ortion m^y bo deferred" for a la(er period-if 
the class is at all weak. ' 

SEcrroN XfV. — Work and iln mmsvremrnl. , Siinlde 

prohleiiis "III lifting Heights, etc ' 

I • 

Second y ear 

(a) Praelical Mathematics and Science 

r • • 

In the tirsl-year eoiirse dra«iiig has been employed to arrives 
at mathoinatieal results, and these results have been ji^jifSecl ^ 
to various jirobleins within the students’ range of gjifcrience. 
This numeneal treafiiient of rhajie, size, and weight, will now 
be evtended to ol her jiroperties of bodies Drun ing .will lie taken 

as a sejiarate snbjeet For this there are several reaiyins. >■ If 
draw mg is to he used as a basis for further nnithcniatics, It 
tends to carry the student beumd his reiiuiroments. The kind 
of (bawing Hliieh is desirable at this stage, moreover, is more, 
ropre.sentatii e than mathematical in character, and should 
prepare the gnmnd for machine and huikbng constnution. 
On the other hand, science must ho trea'ied numerically to be 
understood fully, and the bulk of the mathematics required 
can he obtaincil iiieidentally fronf the science lessons. The 
successive sections are set out and discus.se(l below:— 

Section 1 .—Keeall calculations on weight ami rolume. 

Meaning of the term density, and calculation of density of 
regular solids by measuring and-weighing solids and liquids. The 
formula V, rf, = V d m ease of U tube. 

Section II.—How is the va!nme of irregularly-shaped solids 
detcrmincil * Volume by immersion, and calculation of density 
from this and weight. > 

Section III.— Flotation. Immersion of a body of largo 
dimensions suspended by a piece of string in water, and actual 
experience of buoyant effect. Examination of this. Cylinder 
and bucket experiment. 

Note. —Suitable malerials for these oxperimento are piece* • - 
of materials familiar to the student through his 
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oTor><day exiX'rioncc A lirass weight is not. suitable. 
Tt IS unfair to the ifeight, amt a dull boy is apt to tlunU 
that he IS determining the density of 111 grams or some- 
tRing of tjie sort.. , , 

In the ex|ierinients in Section llf. it is desirable tsi use 
largo boilies tlfat. eihi be handled, and u|)on uliich the 
buoyant efidet of the a.tter can lie felt. The princijile of 
Arehiiiiedss* should not be mentioned until after the 
students have understood their results they are then 
"really ftir the title .iiid story \s ni.iny bisiks use the 
tern* ■■ speeilie graMtx " in rel.ition to gases, it is uell 
;* be pns'iBO on this point. ,ind to elicit delinilioiis of-- 

(o) l)eiisit\ ( weight of*iinit volume). 

.(b) Itelatne densitv ( weight ot unit vohinio of the 
'sub.st.’lnee eoni]mred with the weight of unit 
• vohiiiKs of some .standard siib.staiiee taken as 
^iiitv) 

(f) Speciiie (Iravitv ( relative densitv with water as 
the .standard siibstanee) 

Density is a physieal ipiaiititv, de|K‘nding on the unity 
of volume and mass, wliilc spis ilie gr.ivity is a ratio, and 
therefore a mere niiniber. • 

Section IV.— f'oDi/Kinxon of thr pro/urfiM of solidJ, liipiids. 
I gases. Siirfiwe tension. Porositv and eapillarit v. Pressure 
ow the surface ijf a lii|iiid . * • 

A'otf. — The work of Swtion IV. is uiaiiilv descriptive, 
and most of the pro|a-rtie.s should be " deiiionstrated ” 
bj the teacher. , Ordinarily a feu weeks either before 
or after this .sistion woii|(l be spent in determining 
H|)eeifi(i giavities In weighing in air and watiT Ileyoiid 
the fact that,sueh determinations give adinirabliwpraetice 
in weighing, they are of no v^’ry great value. Thi- jiriMitical 
man deals less often with the s|K«.itie gravity of solids 
than he does with their weight |ier cubic foot. The 
jlonsity of liqtnds he obtains by the liydropiete^ • 
The only pisiple w ho netsl to (loteriniiie specific gravities 
' are the mineralogist and chemist, and both of them should 
have subsequent laboratory training. There is no reason 
why that.should bo anticipated, and there is every reason 
for deferring it until after the student is better acquainted 
witlgtbe forces coneeflicil in the e(|uilibnuni of floating 
bodies. • , 

If the specific gravity of liquids is to* be detormineil 
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hydrosfiiticiillv.it. wiIlJic advisable tt) doalwi^h baljvncmg 
ciilumiis 111 a C tube licfort* Him-'s apparatus. But 
neither iif these jiieees of ap))aratus should be used iiiftil 
the lel.itioii ol pressure oi Hiiuids to .depth Has been 
denioiistraled. Otherwise they, tx-como mere laboratory 
tricks * 

* • 

Suction- \'.— Flmihmi h(xhi* The Hydruipeter andiits use. 
Cotuparisou of tliis method of eomparing the vol^umes ^f,e((u!ri, 
weights with the toriiier one of comparing the weigljts of equTd 
volumes. ^ ' 

Vote.- Woollen rods ot sfpiiiri' section, about 2 cm. thick 
and 21) ein long, arc beat lor the.se iniinersion experiments. 
Th(\\ should be v.irmshed, ha\e a p.iVcr fcale down the 
side, be weighted at the bottom by boring a ^lole'and 
pouring 111 le.id, and bine a .scale p.iii on ^he t.ii|). , '^ 

\ curve should be di.iwn showing the \olunie per 
unit length This enables the theory to be under,stood, 
while the nregiilar shape of Nicholson's h\dromet(;r 
(which should bo iiacd afterwards) only obscures it The 
students .should answer the following ipiestions — 

((a) What IS the volninc of w.itW' (lispl.iced ' 

(fc) What is the weight of water di.s|il,icod ' 

(r) What IS the weight ot the whole rod and scale pan ? 
^ . (d) What torces niaintam'lhe rod in position ' 

Weights are then .iihhsl to the scale pan and the 
increase in \ohinio iinincrsed noted. 

The rods are next iinniersed in sidl solution, and tho 
results of the two expernnents e.itered up as follows.— 


(1) Weight ot apparatus weight of water displaced^ 

' \olumo of water dia])laeed densitv of xiatcr 

( 1 )' . 

(2) Weight of apiiaratiis - weight of solution diaplaced= 

volume of solution densitv of solution. 

.\s the w eight of tho a|)paratus is tho same jii botfi eases, 
Volume of water displaced 


Density of sohitioii 


Volume of solution dispiaccd' 


Section VI —(leniral propnlka of air —weight and elas¬ 
ticity. Barometer, syjihon, and pump. • ■ 

. ‘Tlje cg.$. unit's tire uiitlerhtood to lie used here. 
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Hole. —Tltt» -weight* iif air is iisn.illv dealt wiili lli'sl Tins 
Jil.tii suffers frnni tiff' disadvantage that .dl iiietlicsis nt 
showmg that air has weiiilit depend iipiai its elastie 
)iitipert!es , It is tlliirefpre hetler tn show geiieralh that 
air IS elastie. liy tvfeivnee tn a fnntliall, liie\ele t^re, and 
hy squeezing aii indilinihlier li.dl aith a hnlo in it under 

• water. ‘ 

The piv.'e.ure nf air is evpi.lined In .iii.dngv with liipiids 
•The eiiiplinment nf a U tiilie with nne liiidi elnsed .iiid 

^he nthffr n|ien liefnre ... tn the stiMiglit tiilasI 

hariniieter is a great help, heeaiise main .students liiid 
dlllii iilfv m \tfir cxtrin.il ruiuinn i»f .nr 
« 

Si.fTioN VII -- Ehf'-Untif of I^.iu. Tin* 

('(juatmn* P V^—(‘imjt.vnt and ll^ inirNc 

^Thi* Mudcn?N diouM M1 init to <*iH|iiiir into tlu‘n*latnni 

- .nid pirs^mc llali .i ilo/cii iiumsiht* 

montH \Mtli .1 ^iinplr (>i(‘c«‘ oj app.u.itii^ will snllliu Tlu* 
will lh<‘n .i <>1 liuurc'' lor .ur .nul. ni\, 
(•(Hil j^a", o\iT Ji \sid(“r ran^n* 'TIicm' an* plotted and the 
curves ex.umned 

The olijects of * 

* ♦ (It) (dvm^ t^fo rcMilt'' over <i wider r.ln;^e , * 

(/j) Inelndin^ other jrax'^ ; 

are to widen tin* pn-entatioii .ind tlnis to ennhh* the 
stinlents to state tin* lesnlt as .i i/ninal ifus fnn' within 
the reason.ihh*Jiinils »>! (“.xpeiinient (lener.ilizatitmupon 
a narrow ha^i.s is invalid, and is to 1 m* discouraged 
Inverw* vaii.ition m.iv he diMMi**sc«l at this Ma«ie. 

Skction V’lll.- - Till’ (ffii'fi* ofhiitl itjion hmiui Penninstra- 
tioiiM on tempiTaturt*. (*xpansioii, rf*hanp* of state, (onduetion, 

eonveetion, and radi.dion ^ 

• 

;VVu—No one aspe<t of the etfiKts of Inat upon matter can 
lie iijiproached induetiveh without nivolvinjt some idea 
of other a.spects The siniphi elleils are therefore 
•deinonstr.ited*hv the teacher lix cjiiali1ali\e*expe*’nneiifH* 
Two I»inds of cfTeets will he noti(e<I-teiiniorur\ and 

* |)ermanent Tin* !att<*i belong to Chemistry, and tlieir 
eoiiHideration will hi* reserved. 

SEfTlON IX —Miiciurinifnt of tnnpirutun (’on.stniction of 
thermometert. Determination of fixed points. Conipa-rwon of 
bcalee. 
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Note. —The treatment of thia seetion is* worked‘out ip srtmc 
detail m Chapter VI * 

• ,• 

vSeotion X.—The phenomemi of melling nml^ boiling* Deter¬ 
mination of melting and boiling ^mints. Alloys. Vapour 
pressure and the dew ])oint. , . 

Suction XI— i<Jj/mn.sion of soIUIh. Is the*rate uniform for 

• • • 

any oiM‘ solid ^ Is it different for different solkis ? Relation • 
bet\veen eoeffieii^nts of linear, superlieial, and cubical expansion 
treated alii'i^biaiealK , 


X()l(\ -iV simple apparatus which can l)c constructed cheaply 
will enablf* all th(* students to work together- This 
seetion gi\es admirable practice in bnildiiv^j’up equations. 
'I'hus the data ma\ be (liscnssed m the following waV— 
What is the total inciease in lengths . 

What is the in(*iease in length ])er degree ' * 

\Vhat increase per dogn‘e occurred for each cm. of length ^ 
mcrosso in length [kt degree e,.-effieient of 

original length 
I'.xpansion. 

Suppose a rod of metal is exaetly 1 foot long at 0°C, 
' and the eoeilieient of expansion is u — 

What will he the inerease in length for I", 2", 3" ... t° I 
(a°, 2flf 3rt at’). ^ 

' What would be the total increase in length if the rod 
wore 2", 3°, 4° . . . L feet long' (1. a t“). 

What IS now the total length ' (1.1 L a /'). 

Show that this may he written L (1 I a 1°) 

Calling the length at t)° R, and the length at C, L„ wo 
have I,, 1., (1 I a (°), 

Then after working some examples, discuss in the same 
wiy .sii]K'rfieial and cubical expansions. Take actual 
figures to show that the square and higher powers of « 
may be neglected Disemss contraction. Compare with 
idgeliraie involution and hence infer formula— 

•(l + a)" = l -t-no, where a is a very small quantity. 


Section XII.—AVjianstOM »/ liquids. Behaviour of w,.ter. 
Relation between density and temperature. 


Note.—The simplest-way to treat this is to fit a oaUbrated 
small'boro tube to a lOcc. speoifio gravity bottle. The 
latter is &Ue4 wfth water and immeiW in a bath. The 
increase in volume os measured by the rise of water in 
loS 



THR.PRELIMJNARY TECHNICAL COURSE 


capillArj' tttbc'iH |)lotUj<) <>i^s(|Uiirod imviht This );ivcs 
tlio apparent expai&ioii. On the name iwpor, and on 
the eiAne ahneinea, may l>c |)li>tted the cnlculated values 
ortho expansion of the.vessel The two eur\es are then 
added, and the finnj etirve represents the ahsolute exjian- 
Sion of water No Wher method limits out so elcarly 
the relation"lietween the apparent and real e.xpansion of 

the liquid'amd the expansion of the envelope. 

• y 

SuertON Sill. — Kxpnnmon af gam at eonstant preasurc. 
InereasOjOfr pressure at eonstant volume 

Xolc Vriiere are plenty of siinjile foiins of apparatus The 
sfsdion ^ives adimrahh' luaadas' in ITnei.se \arialion 

SECTfo.s JIV liral 

• ft Will he*ol>.?er\ isl tlnit the work iriies ^immI ju'.wtiee in 
equations, and espccnilh in direel and indirist variation. 
Hvefv senes of partieiilar ea.se.s is followed h\ e.vauiples in whieli 
symbols are used, so that the students are eoiitintially tM(|tiiriii|' 
facility 111 clementarv .liaehra One defect is that no chmiiistry 
is included. .Vs a general iiile, it is not found possiflc to do 
more than cover the ground which has heeii outlined, mainly 
liecaiise of the jiroyortioii of slower students who elite/ flic lirst- 
year course and hamper the imigress of the hetter students. 
Where, however, the conditions are favourahle, the chemistry of 
air and the meaning of comhiistion. at least, should ho added.' 
(ft) Practical Ikamng 

During the lirse-vear cour.si- the student will have learnt 
to use his instruments, and will fiave hecome familiar with the 
method of drawing and the chief pnqierties of the regular 
hgured. The second-year course generally coiisists*of aperies of 
oxefeises In geometry, accompanied hy sketching It is always 
recommended that draw iiig should he accoiii|iaiiied by calculation 
whenever possible. 

* Itisfm^iAntly found toW nnjMis-ubli'foinjiludc Meclmnicft(l'Ii 102-4) 
in the first year. TTic subject \s then taken ni*tb* shoiuI year, funl Heat 
is treated in a more elementary manner. 
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Note. —The treatment of thia seetion is* worked‘out ip srtmc 
detail m Chapter VI * 

• ,• 

vSeotion X.—The phenomemi of melling nml^ boiling* Deter¬ 
mination of melting and boiling ^mints. Alloys. Vapour 
pressure and the dew ])oint. , . 

Suction XI— i<Jj/mn.sion of soIUIh. Is the*rate uniform for 

• • • 

any oiM‘ solid ^ Is it different for different solkis ? Relation • 
bet\veen eoeffieii^nts of linear, superlieial, and cubical expansion 
treated alii'i^biaiealK 


X()l(\ -iV simple apparatus which can l)c constructed cheaply 
will enablf* all th(* students to work together- This 
seetion gi\es admirable practice in bnildiiv^j’up equations. 
'I'hus the data ma\ be (liscnssed m the following waV— 
What is the total inciease in lengths . 

What is the in(*iease in length ])er degree ' * 

\Vhat increase per dogn‘e occurred for each cm. of length ^ 
mcrosso in length [kt degree e,.-effieient of 

original length 
I'.xpansion. 

Suppose a rod of metal is exaetly 1 foot long at 0°C, 
' and the eoeilieient of expansion is u — 

What will he the inerease in length for I", 2", 3" ... t° I 
(a°, 2flf 3rt at’). ^ 

' What would be the total increase in length if the rod 
wore 2", 3°, 4° . . . L feet long' (1. a t“). 

What IS now the total length ' (1.1 L a /'). 

Show that this may he written L (1 I a 1°) 

Calling the length at t)° R, and the length at C, L„ wo 
have I,, 1., (1 I a (°), 

Then after working some examples, discuss in the same 
wiy .sii]K'rfieial and cubical expansions. Take actual 
figures to show that the square and higher powers of « 
may be neglected Disemss contraction. Compare with 
idgeliraie involution and hence infer formula— 

•(l + a)" = l -t-no, where a is a very small quantity. 


Section XII.—AVjianstOM »/ liquids. Behaviour of w,.ter. 
Relation between density and temperature. 


Note.—The simplest-way to treat this is to fit a oaUbrated 
small'boro tube to a lOcc. speoifio gravity bottle. The 
latter is &Ue4 wfth water and immeiW in a bath. The 
increase in volume os measured by the rise of water in 
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Tho aiin M tliis (frdcr (^f dcAlii^ «ith an iihjpct is to oii- 
I'ourago that jncntal coiuihiriMiii of ilillcn'iit ixtrta aiul diini'ii- 
Mons «htch tlu-*.-.killcd iV-.uiglilMii.iii ni.vkch Mila'onspioiislt 
Soino ti'.icliprh profor 4o Vailcit.ikc tho pictoiial skctfh lirM, 
hut/or iK’giiincrs tho plan is jis\ohologu,ilh niisoiiiid 

‘At thi.s .stage h'is oIimou.s th.tt groat oaro must lio takon to 
soouro •oourao>, good arraiigomon/. and no.ilnoss Tho students 
must learn hi deoide for tlionisoKes upon the soalo to lie adopted 
and thoVrrangemoiit of tho diltoioiit \iov\s upon tho |)aper. 
The\ must lio tiiidor \igorous supwMsioii ,is to «oll-shai|M‘nod 
poneils afid tly oorjoot tiso of iii'tinmonl.s, .iiid a studoiit who 
jiershls ig haiiAiiig u^i s|o\enlv woik might as well ho evpellod 

from,tho glassj ^ 

When a stiidimt has drawn an oh|oil m plan, eloxatioii, 
Olid MOW, and s(*ction ho should ho .iskod to indii.ito tho smallest 
numher of mows which guos .ill tho diim nsioiis loipnrod, ,iiid to 

sav wkuh of those an the most useful .\ hirlhor eserotso 

• • 

lUiVS then Ik* gi\cii m uliuh *in \s in Ih' ruprcsfiilnd by 

tlK‘ mniimuin iiuuiIkt of \iv\\^ 

Soiii*' isornutnc projoulloii m.i\ l»c inljoduucd. 4's|)c<*i.'^lly in 
the (M^e of student* engageil iii the building ti.ule" The ajijili- 
entioii of the nu'thtxi to iiHx-luiiiK'ai dia\Miig is rather tiinited. 

If tlie hue and plane aie ineluded, as In Sections Vll and 
VIll .it w nnperati\4‘ that ino<h‘ls‘'hoiild lx- nnule Thai is to 
sa\. tlie dr.kwing .should be cut out .iiid folded along tln^ lines of 
lutcrseetioii ol plan and e!e\ation. anil the line (represiuiled 
by ft thread) or plane fixed in position This takes a little 
time, Init it ensure^ that tin* students reall.s uiulerstand tlu^ 
const nietioiir 

It in i)crha])s desiraiile again to einpli<isi/e the importance 
of drawing from actual ohjeets, and of producing neat, well- 
ftrraiigfxl work in which the jinneiples of piojiTtuiy an* olx'ved. 
The essenflrtruim of the class is to teaelulrawing, anil this must 
appear in every diicetioii issued by the teachei^ 
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English 

I’rohalily mi subjeiit offers mor* variety • in inctRod than 
English in Iho I’rcliiuinary Tochnjo/il t'oursc. Almost every 
loaeher would, if asked for his ofiinion, express a different wiew. 

In most cases a book is read in*class and m it ifcw cases at home 

• • # 

also. This may range from a/'ommereial Header (dealing with • 
industrial pnslucts and processes) to a volume if ^Dickens^ 
In every case essays are set during the si'saion. These may bear 
wholly uiKiii the reading, or never include a single topic from 
the book, A few may deal with topics talf.cii op other nights, 
but this is rare, They arc generally vntten in class,* and 
occasionally at home Hometinics a good deal of gramnvA^is 
included Not many eases would be found m which attention 
was paid to English in other subjects of the course. 

The oliject of requiring the subject at all is very clearly to 
improye (ho student’s ability to express bimself, though some 
would sty that it was intended to sujiply the cultural clement 
111 a curriculum that is necessarily narrow and restricted. It 
will hc’ profitable to consider the former aspect—the improve¬ 
ment of expression-—first. 

Now this IS usually held to be dependent ujion two 
factors— 

(«) vocabulary , 

(fi) jiractice in speaking and writing. 

('oiiseiiiiently the student reads a book to iminovo his 
vocabulary and to furnish models of expiession, and writes 
essays for practice. Assuming that this's true, nearly every¬ 
thing dejH'iids on the choice of a suitable book, ('iie containing 
many colloquiallism.s, dialogue, or archaic cxjiressions is 
obviously unsuitable A book permissible if a broader 
cultural influence were desireil might clearly bo unsuitable 
us a model of stwlci The examining body tKaf prescribed 

Browning’s P,icd Piper oj Uamelin for the Preliminary' 
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Teoholpal Csarse certainly^did no» look to the special luwk to 
provide a n\odol for a technical report! 

But the stateipent as to the,quostion of vocabulary and style is 
really only a half-trutl). ^^(pressiun postulates knowledge which 
can^be expressed. • Words without ideas iKihind them are peda- 
gdgical skeletons^scless for every purpose in life. Moreover, 
fnoi^»9ge which is not systeinatic, well-arrangcsl, organized, 
cannot be expressed clearly and succmctly. So that the first 
*e88cntia?of expression is a well-stocked nuiid, and the second 
is practice in expressing what tli<» studentf knows. Any book 
which is»of such interest to the students that they wdl readily 
think, ta^k, write abput its contents forms an iKliiiirable incdiiim 
for*^uring orderliness of thought and fluency of spi-ech and 
writing. And for this purpo.so none of the other subjects upon 
which the student is engaged can be rejiTtcd It is imiierativo 
t£at the whole of the work that the student dot's should 
contribute its quota. 

Just a word as to Vcciiring orderliness oi thiiikiiig. It is 
first necessary that the student should be sufficiently acquaintcil 
with the topic to think at alU Imperfectly digested knywlcdge, 
introduced at the beginning of a lesson for the puriJose of an 
essay, is practically useless. And in any case a topic involving 
many points is not suitable for the early part of the session. 
If, however, answers to qiiestionij are asked for, the student 
is not worried by the "form ” in which the answer is to bo 
given, and ho conc'tntratcs all his attention on the subject, 
as ho ought to do. Simple questions involving only one 
idea aro replaced by more complex questions involving two^ 
or more ideas, and these give place in turn lo questions 
whiiSh require “ es.ssy ” answers If in the result the 
arrangement is bad, it should be discussed in class, a plan 
drawn up, and the essays rewTitten. But it is most undesir¬ 
able to draw up a plan for an essay .which involves wholly 
new knowledge. Any attempt to sysCematizc knowledge 
iij * ■ 
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))of()ro the exact dctcetn <it* systen^ arc Ttnown (s*a leap" in 
the (lark. • .. 

S(i iiraeli foi exproaaion The attvnpt to introduce (f broader 
culture into the course by a book of [did Ikcraiy value is outside 
of the main ((uestion, and sfands'or falls by ttie teacher’s ability 
to (leal with the book in tlid ri^ht spirit' H ho can-do h'<^ 
well and koihI. If he cannot, .the attempt is a »a.stc ofHinie.' » 

The (lucsticm as to whether grammar should We ineludtxl 
is one of very great diffieully. It is certain that mijitakes of 

t 

speech and writing cannot •lie correcteil intelligently without 
some reference to the laws and principles Jiy winch language 
is governwl. At the same time, most pceple speak tjeconling 
to habit, and not according to grammar, aiid jt is, doubtful 
whether (he “ habits " of daily lite can be affected by a few 
minutes’ instruction twenty-five times a year. It is something’ 
to make p man intelligent and intelligible. To make him 
gr.aiiin^atioal also is a task for the gods ' < 

* Tim writer has no deMie In liebtile the iinpirtaiiee of btciary study 
for itidusti lal .stadciits, oi to dciii the possiluhiy of iis iiudusioii in the 
I’rolnuiiiarv Tochiinal Couise liul he li.is thought it desnahle to 
elllphnsi/e the lunmmim reipmeinelits, and to indKate liow these may be 
secured, without iimkiug too great a deiiiand uisiii the tearher’s lileratj 
taste and diHceriimeut. 
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M\TIII M\Tl<s 

The char.iclpr of Iho work iti thc^Proliinjnaiv Tcchnicai (’ourao 
has aln^ul) Jm'cii ^h*sciil>c(f. Jf the mi1i|(‘c 1 1ms Imtii skilfully 
faii|[ht, 4he pujul w^ll be alile to s(»l\e eleineutarv examples jii 
niopsiiralion. he will have ae(|Uiml some faeilitv in the use 
of simjile e(|ua(ions Further, he max - m fact, he oii^jlit. to— 
‘be able to snl\e problems m\ol\ mjr the sine e(»sme. and tangent, 
and t<» use a Md of t ibk-s Of formal al^i'lira he wilj know very 
little,#and of de<lucti\e treometry nothmif at all Stjll, the 
knowledge outlined is*- proMdcd it is sound - \i^ry nearly 
suflieient to cam luin tluxai^h the liist xeai's wc»rk at a Teehnieal 
School A \er\ slight extension, in an\ ease, would Uwwnplo. 

But, notwithstitiidinp, it is ciiMiuiuiit (n aticiiijit ii M-homp 
which giicn \crv much further, ami it will lip well to show in 
what way this is iiiiilpsiriihlp It niav liiM hp ohscrvpil that the 
change fnim thpfvi'e ami phanicU'i- of (lie instmctioii in a Con¬ 
tinuation fjchool to that in a Tpchnical School is a .severe Htriiin. 
The student |iluiigcs dircctlv intojlhe sliid\ of technical subjects 
under tcaehei's who me more or lesss|)eeiiilisl.s, and who fnajuently 
lack that skill whiehis so neeessaiv when new ground is heing 
broken. Ho leaves a school in wliich the teai hers are experienced 
in dealing with beginnei's for one in whidi they are not; and 
he becomes a meiiihcr of a class of selected minds. For in 
evtry co-oidinated system of schools in which attendance is 
voluntary'tile weaker students fall outreach year, and the 
general level of ability and iierseveiancc rises. Tlio witudent 
«'.1 
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who enters a Technical Schofll enter^ uporf a life thht ie more 
strenuous, and into a competition that is keener,, than thofie 
to which ho has been ivccustomed^ louring th^ first year many 
find the pace too hot for them. S(vjt)ng ns they remain they 
derive benefit at least from the technical .subjects, and,on 
account of the incscnce of both vlasscs of student it is unwise to 
make the standard in mathematics unnfceamnly high. A heavy 
fall in attendance in the first year is more likeiy to, bo due to 
extravagant notions of tho importance of mathematieJ at this* 
, stage than to any other caui«. 

Mathematical education m this country is in a transition 

* r * 

stage, and opinion is so divided that it ii), diflieult tg discuss 
• matter and method without entering into polemjcs. ,0ne 
principle alone may be regarded as generally accepted—that a 
' man who requires mathematics only as an aid to the study of' 
some applied science necil not go through a eomplete systematie 
study of mathematics. But beyond this complications, arise. 
Some coiyuder that the principle is satiklled if the student learns 
certain rules by rote, and performs mathematical processes 
mechanically. Others believe thatihe principle merely sanctions 
omissions,'and that it involves essentially Ac ordinary rigour 
of mathematical proof. Between these two extremes will be 
found every error that is committed in mathematical teaching. 
Another way of stating tho principle is to say that so long as 
a student can understand the mathematical operations in the 
technical books he is required to read, and cah solve the problems 
which arc likely to arise in his daily work, his need is satisfied. 
P?hi8, perhaps, brings out more clearly the 4ct that the technical 
student" has ho responsibility in regard to the deyelopment of. 
mathematical science or the establishment of its laws, bnt that 
he must understand some of its methods and be acquainted with 
certain of their results. 

^ I 

The difficulty in pfacticc in acquiring this kiiowledge and 
skill a^iea froip the fact that mathematical science itself is 
li6 
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Of!tabUHhe&'by dedvitetivo ^etliodS. Historically, inatliciimtics 
cgmmenced,as a practical art, and many of its traths ^^■c^^^ 
apprch^ded experimciitoyy ijr intuitively and used for practical 
IwrposoB long before .till j' _\ieldc<l to logical proof. iSiiiiilarly, 
intelligent usecan^io made of results by those to whom the proof 
would bo unintelligible. In fact the teacher must distinguish 
between the function of a proijf m the ela.s.srooiii and in the 
establishment of a science In the former its iiiiuii puriiose is to 
convine^ the student that some relation is tnie, .so that he 
may use it \iith coiilidcncc. In tlni latter flic ]mrposo is to con¬ 
vince leaders^of thought that the rel.ition is tnic. The student 
must in|^ke use of.n-lations, the proof of which ho could not 
unJerstand, a^d to give him a proof uhii'li, while intelligible to 
inathoinaticians, is unintelhgiblo to him is a farce—but one 
"which is freiiuently played. 

The word " proof ” has been used heie because anj aigunient 
whicl^carrics conviction is cominonlj said to " prove the iiomt.” 
In onlor to avoid coiiMsion, it may be well to set outdhe three 
methods for securing eoiiMctioii which ale .nailable for the 
mathematical teacher. Thc.e are - 

(1) IftiiHTimcntnl 

(2) Intuitive. 

( 3 ) Logical or scientific. 

Thu experimental method is,a jiroof within the limits of 
manipulative or instnimcntal accuracy of a particular case. 

It docs not furnish'" a proof in the sense iiiiilerstood by inatliv- 

» 

maticians, but is generally simple, pr<u;ticul. and adequate to 
secure conviction. , , 

If a numlier of similar cxiicrinieiits are lairformed either by 
one student or b}' distribution among the class, coiitcnijilation 
of the results often suggests the existence of a general law, and 
the minds of the students grasp the truth by, “ intuition.” 
This, agahi,*is not a proof in a nia^eniaticnl si-iise, but it 
convinces the student, and the method by whiij; it wasyeached 
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impres«u« the truth on liis* miuJ. ^ Morrt)ver, it» Sneoprageh 
hypotheses and (le\eloj)s the experimental habft. ^ ^ 

The logical or seientitie metho<l^suffers from Jhe disiuKantage 
that many tiimds have great dillieulj.^^ ny realizing a univerBal 
statement So long ,is p.vrtieular eases are 4irst lirescnted ^for 
then' eonsideralion. they may la- able to go a>l<uig nay tonards 
the eoneeption of a universal truth, but this mjiital at^Hude* 
has to be approached by easy stages , 

It IS non possible to advaiiee a second principle—th^ mathe-* 
inatics speeially siiitSble for 4'eliincal students is not desenbed 
exactly by the statenienl. that it is a shortened course. It is 
.1 selection of matliematieal methods and tpifhs studie|l imvtily 
by experiment and inluilioii, and only sparinglv in the eiiriy 
stages bv logical methods of investigation. 

This principle neither encourages pseiido-soieiililie metluKls' 
nor e.xeludes the development of a more |)urely intellectual 
interest, '('he teacher is free to u.so his judgment in the eijijiloy- 
ment of piore rigorous methods of jiror.'f’, provideil alvravs that 
they are within the eonipreliension of his el.iss. But he will 
always bo limited by the fact that some proofs involve pre¬ 
liminary exeursioiis into pure mathematies which the more press¬ 
ing needs of his students would not jii.stify. He eaiinot build up 
a comprehensive structure of mathematical seicnee That is the 
business of the ni.ithematieiaiis. At tfic same time, ho ought 
to make (|uite clear to his students the nature and value of the 
methods they use '• 

At the back of the two principles whieli have been enunciated 
is the idea that tor the purpose in view mathematies is an art, 
to be pTaeti4isl in close assoeiatum with the other subjbets of 
instruction. This does not mean that it should bo taught as 
a separate subject and then applierl to other subjects, but that 
it should bo derived fnim a quantitative study of these subjects. 
Just as in the dawn dt eivilizatidn mathomatica'/ ideas arose 
from man's study of his enviromnent, so should the student 
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(iavelop tli« habit wf dealing wit^ hib iiieeliaiiiei>, <ii' aliatcier 

It mav 1)0, (luhiititativelv* 

*• * • * * 

To itfit the matter in .mother way, the use of theexpeiimenlal 
i\iid iatuitivo method •l^vo 1 vo^ lii'st the study of eoiieivto 
particular eases. *TIiese*fia> just as well l>e tlie coustiueliuns 
111 gcoinetiy or^ tjie lelalions m nieeluimes. as e\ainple.s drawui 
*froiti^iftwwlie|e for n(» appaieut reason. This plan does not give 
a narrow training, as i.s .sometimes uiged, hecause however the 
]>roee.s.s*arises oi tlie lelation a]>p<'ai.s. it can he Used in sol\mg 
miscelUneous evainph's o| a similar t \ pe ^atmilaiK, the olijeetion 
that miithemalies if .studied in(‘ideu(ally in eonneelion with* 

ineehanies wiaild lie in an illogical oidiT does not hold. For if 

• • • 

this were so a .sepaiate elass in mathematies would not help a 
ittiideiit to solve fnoblems of more than a eeitam <lillieult\ fii 
• incehames if tlie ohjeetion has any weight in a pailieular ease* 
the syllabus in medianies iuhmIs to be leeast 

A entieisiii tliat has. at liist sight onlv, inoie fonr is that the 
studenfs* mathematicij knowledge wonhl be nns\sleniatR:. Jiut 
this is R'alh of no eonse(|uenee. lli> mind ouglit^iiot to be 
organized m three eompaitmenls -one for e.wh nighl of attend¬ 
ance, and his mt'ffl-d processes do not consist ok tlie* super¬ 
position of a portion of the contents of one dcjiartmeiit upon 
a portion of the contents of another • A well orgaiii/.i*<l mind- 
content Is organize*!! as*a whole—(here should be (pule as close 
a'isociatioii lietwis.'!! a m<ithemafi(..d lelation and the jih.vsicui 
relation wiiuh it may represent a.s betwicn that iiurtliematieal 
relation and others which aic tonne(to<l with it. The 

advocates of a sejiaralp and s\stematie stu<l\ of inathematieK 
hiivifonly the mmd-conteiit of a matheinalieian mi viom. VVh&l 
is needed by the student is not so much a knowledge of mathe¬ 
matics as a mathematical knowledge of liis ((‘chnical subject. 
Udoas about mathematics arc of less impurtanee tliuii mathe¬ 
matical ideas; for the latftir will proaipt a mad habitually to 
deal quantitatively, and therefore ex'actly, with any subject 

iiy 



TECHNICAL SCHOOL ORGANIZATION AND. TEACHING 

• 

that lends itself t(i quantitaVvo treatment* The id<»l airauge- 
mont, therefore, is one in which mathematics iS not treated as 
a seiinrate subject. ^ • 

But however sound this doctrine ntay lie, there will be majiy 
cascB tor many years in which matHcmatics js not only taught 
in a sojiarato class, liut also lyider a separate; teacher. There 
can, however, be no possible objection to the U 8 C,of datS.ithiclT 
are obtained in other subjects of instruction, and wh^t is nceelcd 
more particularly is the employment of these as the starting* 
points in the mathematical^ teaching. As in other subjects, 

these jioints should be within the circle of experiiyice and 

, « 

interest. Perhajis in no other subject is the starting^-point so 
generally remote from intcTOt and experience, and this, is 
certainly one of the reasons why mathematics is often foudd 
so diflicult. A golden rule of teaching mathematics is to* 
break now ground by considering an interesting and practicfil 
problem, atid thus to lead the students to feel the importance 
of forging a now weapon. *<■ 

It remains now to indicate briefly the scojic of a First-Year 
Course of Practical Mathematics, ajisumiiig a knowledge of the 
Proliminaay Course. In view of what has been written this 
cannot be done in a very satisfactory way, because the 
mathematics should dojiend on other subjects. Still, at this 
stage the subject is more generally askociated with geometiy, 
and this subject will be taken ns the basis. The scheme 
should n6t bo taken, however, us indicating much more than 
the scope and general arrangement of the teaching. 

I.— Length. Use of Vernier, sliding'and screw callipers, and 
spheromotor.' Limits of accuracy in draw ing in the laboratoiy 
and in the w orkshop. Averages and approximations. Problems 
involving fractions, dcoimals, and percentages. 

Note .—The object li<!fo is to revise the eoiieeption of units, 
to extend practice in measurement, and to render the 
knowledge of fiietliods and limitations more exact. The 
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UHe«q{ a smiiJl lens for rei^ling small distances may Iw 
'introduced. If thi# is mounted in a cork uitli a piece 
of eatdlioai'd liaving a hole and a vertical thread aiToss 
itt some accurate results can he ohtamed with an ordinary 
ruler. t * * 

The kind of iirelilems ni.iy vary with the students. 
Those in ehgim>eriiig may deal with the mz(*h of holts, 
nuts, rivets, metal ]ilate.s, and there is a wide range of 
<‘alculatioiis snitahle for students of ehennstry and 
lihysie#. Any of the J’reinnmari Teelinieal Course 
wor,k may he drawn iiiion. hnt if prohlenis are set 
lyithidc this, care must he taken that the data aie under¬ 
stood 

H.— L(xjarith>tJ<. • 

• 

Xvlt - Thcflseiflfeeiy large anil ver\ small nninhers in the lirst 

* si^ition w ill li!l\ e show n the desirahihty of a siin|)lo noincii- 

. elaturc, agd the inde\ notation may la' evplained and ' 
used After the student, has heeome familiar with this, he 
, IS introduced to log.arithms- lirst h\ jilottnig Itl, ]t)% and , 
Ilf on sipiared jaiper When the meaning is ehmr, the 
rest IS .1 matter of drill 

It IS of the utmost iiniiortanee that all work involving 
‘isgarithms should he neatly arrangisl, and an Hneom- 
proinising seventy at this stage will .save ingeli time 
and Ironhle later No shp-shial or untidy work should 
he tolerated for a moment During the remainder of 
the course lAgarilhms should he used regiikfrly and 
systcniatiealN'. 

Ill — Angular tneoiurt-mcnl The circular measure of an 
angle. Angular velocity? Other propeities of an angle—tangent, 
sine, and cosine. Projection of a’ line on a plane hy drawing 
and trigonometry. • • 

Note. —^Thc student ought to*he siillieiently familiar with 
the nie-isurenient of angles in degrees The radian often 
.presents a dMIiculty, es))eeially when it is^tauj^ht fniiis 
a book. At this— and, indetsl, at all stages of the work— 
the student should have his instruments at hand, and 
geometrical eonbtruction.s should precede theoretical 
discussion. 

• Thus, when a student haa drawn half-a-tlozen circles 
of dif{prent sizes, and*has inarkwl off on ca^h circumfer¬ 
ence a distance equal to the rndius,*hqwill readily conclude 
that the radian is independent of t*'" of itio nuliiis 
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It is probable tha^ the students* are airily famiiiar 
itli the sine, cosine, and •tangent, which will 1x1081 
likely have been introduced in connection with .the 
right - angled triangle. It is therefoi^ desirable that 
tlicy should leain to regard Aise relations as pertaining 
to the angle itselt. J* 

It IS asMuned that the constancy tif the ratio of, the 
sides ot similar triangles has been siiouu yi the Preliminary 
(*ouisc If this IS tound to ha\c Imtii forgotten,nt^niuj# 
of couise l)c ilcall withJiere 

McHsuidhon of Ue\isiou aiftl exton* * 

sion with use of lil{:on<mietr,v. Algcbrai<! expression.^ involving 
second jiowers and their factors • 

A'oh'.- -'rhe methods ot constructing 'and caleuWtinj^ the 
areas ot most «d tiu* r(‘gular iiguics \m)I hf kmvwn •This 
iVMsion gives mhiic piacticc m trigoiiometrv, and cnalJlcs 
mon‘ diltieiilt cx.unplcs than those ot the Prelmunarv 
(\mr.s<* to he solveil. , 

'Phe miroduetion of algebra at this stage requires 
sonic explanation. Praetiee m the manipulation of 
.. symbols is neei'ssarv somewhei|^*^, ami tlu' usual ^)lan ls 
tv ding it at. the student without leason The es.scnee 
of teaehmg is to gel the stmieiil to h'el the necessity 
for the iHAt step In this case it is natural to proceed 
*• from particular eases of .irea to general statements, and 
tins introduces expre.s.sions m\olving*the tirst and wa-’ornl 
]»owers. 'Pile student (‘iiteis upon factors through 
eonendc* illustrations Compare the remarks m the early 
part of (liapter IX, ^ 

W-Shmim Uatio and proportion. Areas of 

similar ligurcs. Ivoduction and enlargenu*lit Variation. 

« 

Kolc- -In several books r.itio and proportion are dealt with 
algebr.ueailv and then applied to .the study of similar 
ligim*'' 'Phe geometrical method is preferabji;.' As a 
matter of fact, llu' idea of ratio is involved m fract'ons, 
and projMirtion m best understooil as an equality of two 
ratios Some mathematical teachers objwt to this very 
strongly, hut it is not easv to set' where the validity of.tho 
objeKion lies, ^he difforeuiee is inamly one of expression, 
and tlio ideas art' precisely the same 
Variation is appropriate here, because in its simplest 
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. f<»rm IS stiitmunt the rcliition Ijotwoni (wd 
! piunt)tu)h wliuH* ratio or imKluct I*’ coiiMant. 

•• • 

\l}—Soluh.^ Ho\im(^ 4 aiHl I'xtonMon Dovelopmcnt of 
jiyijinud untj coiu*. 'I’lft' Voliinu* and wfij^ht. AIgt‘I)raif 

exj)W?shionH iinolving the culio and highor poweih mul ihdr 
(fictors,^ * * • 

*• • • 

Xoft — In this Mctioii again thon- a nianilot ad\antago in 
ayiirato drawing 1 o pivctsh* tin* n(*w rule*' in inciiMiration. 

<I'In‘ dovciopinont ot tin* nM-t<ingii]ar fiiangnlar. and 
h(*\agonal )>ri>nis and of th^ cn ltiid(*f. shoid<l ho tannhaj, 

• aitfl will prohalth not not'd to ho dono again That of tlio 
puamlfl coin* ainUphoit* will l>o now Tin* \)\ rainid should 
h(«troato<i trigonoinotinall\ prohahK a liippod roof or 
tin* pNraniKlai top tif ,i M|U.tn* gate ptM will furnish a 
good « ^.unjilo In all casos M>ino i(*tnal <»hp*ot whiol^ 
lias aoijiim'd intoiost from l(^ o'lation to indiiHtrial 
operations is hottoi* th.in a nn*io gooiiiotiioal nnxlol. 

Thus iho surfat'o ami (ontonts of t.inks ni (ho form of 
])\rami<ls and (om*s. and ooimal m* p\ lamidMl hop|>ors, 
•j)5j)\ido admirahio o\<*roisos \iiotln*r siiitahlo s^iihjoot 
IS a o\lin<hioal *()mk with homispliorioal oinis. .and Iho 
amount <*f motal shooting n*t|Ui!od hu* a donio<rroof 
Tho mtrcKluotion of fiirlhor algohra at this stago do- 
ponds upon pi^nipios almh ha\o ahoath hoon duoyssod. 

VII. ■and Umphs. Tin* c o-oidinatis of a 
point. Tho oipiation oi a. straight Inn* Intorprotatioii ot 
tho oonstant*' and thoir olToct on (In* lino. Solution of 

simuUutU’oU'i ('({11,it Kill'. Ticiitineiit nf i’\|iciiimntal ri-sulfs 

. • 

A'o/r—This sectiun mti’iKliit to s\■-ti niuliw Ihr stuilcntK’ 
kii(>« le<l(to of ciiimtioiis i.iiil t!M|)lis, ami to serve as an 
intriKluetion eo-onlin.ite ((eoiiieliv In order to seeiiri! 
•dcxteritv ni iilotting, and to fiiinili.iii/.e the.tiidejits witlf 
ftte i.Vir angles, some pnietiie in [dotting the [losition 
of [lomts shonld be given Hefeienee shonid then l«; 
nindo to vivnation (Seetion V ), and it slionid tie stiowii 
that the gra]ih exhibits the tonlmmui vaiiation of one 
quantitv »ith another. 

Gra^ihs of this kind should shariily distinguished 
' This Section may precede settion V. in sonjc e.i* s 
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from those whieh rctirescnt statistics and* prices. The 
essential characteristics of thi equation 6f a straight lino 
should Ih' em|)hasized by comparison with the graphs of 
the e(|uations y;i’=constapt, and «j;*=.by. lU dealing 
uith ex|ietnnental results t(it' aj>ihty to interpret the 
eniv<- js of prime importaius' 

Experience shows that th(' scheme set out iu the pjieqeding 
pages IS liable to be inisuiidprstood It will tiiercforc be an ' 
advantage to state each section m terms of the niathematical, 
results and processes studied — 

(1) Eraetions, Diviinals, and I’eieentages 

(2) Indices and Logarithms 
(11) .\ngles and their properties 

(4) Siuiple Involution anil Algebraic Eaetors 

(.■>) Ratio, i’loportioii, and Variation 

(ti) Harder Involution and Kaetoi's 

17) Simple Co-unlinato Geometry of the straight line 

Hi'foio leaving this subject, it is-.ie.siruble to eiujihiuiize, 
even at the risk of rejictilion, one jirineiple lliat is tho way 
in which each les.Km is introduced Referring to Chapter VI., 
the starting-point must be within the rivlige of the student's 
iiiterost and knowledge. It may Iw soiiicthing which arose 
ill a previous siilion or soiiietliiiig which has arisen in classes 
held on other eieiiiiigs iii the week. The fonner method has 
the advantage that it tends to make tho subject a better- 
articulated whole, and tho second has tho merit of emphasizing 
the essential unity of the course In the first year, when tho 
inatlieninties is subsidiarv, when the student is, in fact, learning 
niiithen.alics largelv through eiignieeriiig or physics, jjid latter 
method should be u.sed wherever possible, * 

In small ,sehoola it frequently occurs that each cliua in inathe- 
luaties is attended by students who belong to two or three 
courses. Clearly the shcond plan" is then impossible. But it 
does not follow that the subject need be wholly divorced from 
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the-maip intarests of the cIivsk. Octiisionally tlio foar of niakiiig 
the subject too narrow or technical loads to applications which 
are of nc» interest or value to anv of the students. 

I % * 

. If the subject is scjf-eoi'taincil so far as the starting - jroint 
is concerned, it need not Bo so in regard to ajiplication. and 
thbugh the teaclior has to introduiic each section through inatcrial 
, whieli Js fanii|(ar to nil. he should keep in mind tho various 
interests rc'iresented, and shouUl be prepared to ajiply tho 
ftiathcmaties to the constituent subjects of all the courses of 
which tho niathciiiatics forms a jsyt If Ac cla.ss is so nii.xisl 
that ft cannot be dicidcd into at most tliris-groups, then th(‘ 
liest/loncytions'for eflicieiit tea<-hnig are absent 

The second - vear coiiisc nml not bo discussed in detail, • 
but an outlrne svliabns inav Ik* useful 


. 1 .—Indices and logs. 

(rt) Index rotation revi.sed Siinplilicalion of i^xjircHsions 
* «coiitaining .uw! indices. • 

(6) Common logs Slide rule 'Pables Rule of jiropor- 
tiona) differences CJiange of Imse N<iturai logs. 

II. — Trujowmiftt^ I'lxteiision to include the formuki* — 

Q b C i ‘I I > tt u 

. . = „ = ; ft-=c-I 2 «c cos Jj; 

sill A sin It sm t. 

ji - J «c sin B 

Application to the projection <if a line on two co-ordinate 
planes, and to the triangle of forces. ^ 

Vector notation applied to velocities and forces. 

III. —Linear equnliowi and graph. Revision of jirevioiis 

year’s avork. ' . , * 


rv ,—Quadralk equations nml graph. Graphs of ii=]gl^, 

and 

.Graphs of and y=.:a 3 ^>.bx+r. The parabola. 

Maxima and minima. Solution of^Juadratics graphically 
and analytically. 
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The equatiim to a circla ^ 

V— Innm' ntrinlion The e((n<ation p»--conBtant nn(l*ifa 

Rrnph. The lectimgular hyperbola., ( 

The e(piatioii pe” -coUHtant aiK\,<its ({rapn. 

\’l Hf/iuition.s. Mihccllanodijs (‘({ualionH which arc nawrc 
readily s(»lved l»\ analytu-al methods. 

Ill l)olh ytviiH tlie iiitiodid'tion of rigorous Hcientific proofs 
is cntin^ly uithin the tcach(*rV discretion. He shoutj bear in* 
mind, however, tha/ a proof which satislied him is of no value 
to his students unless they understand it. As the^' auc not 
mathematicians, there is no obligation lor thbm to*go out of their 
way to establish mathematiea! tiutlis. It is their busme^t^ to 
«trv to understand such truths, and it is the (edchers busints.s 
to pie.sent his subjects m such a wa\ tliat they can understand 
Hiem. It is obvious that he should avoid, as far as imssiHIc, 
offering any statmnent as a tiuth which ho himself could not 
estabksh if oeeasion i'e<|uiied. This is |the minimum rei^uirtnnent 
of the trust reposed in liim. 



r'HAPTnJl{ XI 

KXPKntMKNTAL srB.JK(TS 

In (Ipalinf! with ivnv ('\p('iimciital,wii‘ii('c It i-i first mwssnry 

ti) cdilsKUr wl^vt IS till' iiiccisc liinctiim winch l.tlHir.iloit work 

|)hvvi^ iti I^'iK-hifi); !io f.ir .is the c.itlicr st.ijxcs me eorieeriKHl 

the iiuostii.il h.is heeii misweied in ('li,i|itei VI It is there 

shown llitil |n;icli<*al woih n<NO'*‘>ai\ ni a now Milijcol fo 

droaU* the nurlcn^ of onih-ijciici* around mIuiIi can ho Innll up 

tho widor an*a of hchef The ^ludinp mu'*! loam .it fiist hand 

Kiunotf^nj; <d tin* piopoitics of ni.itlor. flu- inodo of notion of 

inaehmes, the n.itiire ;if plusiial phei.. ami theiiiieal 

change, and tho ino.unng ot oxpoinnont hofmo lio can appiocialo 

tho va^l stores of know lodge ih.it lia\o a< i nmul.ito<l miuo man 
•* • » 
emerged from the ohseiirity of the e.ue 'i'his need of personal 

observation and expeiienee has been felt e\eii b\ men who eoitld 

not be eharged with lack ol nnagin.ition It is recorded of 

Michael I’arad.vv th.it he rarely ^inteied upon an\ research 

until he had rejieated the iiiori' iiiijiorfaiif cxpcrinienis of those 

who had preeisled lilni 

Now there are some .students \o const itntcd inenfally that 
they can learn iilnioi^ as much hv incrcli seeing an cspciiment 
perform»'t.<lj) they can by personal execution. In \he iflil ihivs 
the atudent who attended classes in |ili\sics or mccliiinicii or 
chemiatry might sec many c\|K’riim‘nls pcrforiiicd. though he 
w8» rarely allowed to attcmjit them himself, .''till he learnt 
a good deal. ’In recent years the iicniTillum has swung in the 
opposite direction, until it is considereil neeessjry th.at ^nearly 
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every experiment nhould be carried out by the students indi¬ 
vidually. In this way a great deal of time is waited upon the 
performance of experiments which tench very little. • 

Unfortunately tho rise in importance .of laboratory work and 
the concentration upon experiments which give quantitative 
results has killed tho more showy lecture experiment^ which, 
if it did not convev much exact knowledge, at least ntJifacteS, 
tho student, stimulated his interest, and spurred him to activity. 
On the other hand, tho laboratory has tended to become moA * 
quantitative and Idis inspiring in character. 

Tho latter result was probably inevitable, for 'when 
laboratory exercises are introduced exqct numerical jtatc- 
1 ments are indispensable in order to build U|i results ^ 'and 
"^measuremont, rather than qualitative observation, becomes of 
' first importance. But measurement is not so much an end 
in itself as a means to an end, and tho newer method depends 
less upon the intrinsic interest of tho practical work than upon 
Hie joy. of intellectual acquisition to which it leads. For it 
cannot be denied that the entry of a new truth into the mind 
produeps a feeling of pleasure, and serves as a stimulus to further 
effort, which is at least equal to that produced by more showy 
experiments. Any one who doubts this has only to look at 
the faces of the students when a point hitherto obscure has 
suddenly become intelligible to them. In fact, their facial 
expression is an excellent indieator of tho cffcctivoncss of the 
teaching. 

The principle enunciated' in Chapter VI. that experimental 
work should precede discussion in the early stages is not very 
goneraliy recognized. The laboratories were first jntfoduced 
into Universities and then into Technical Schools. Men who 
have received their instruction in Universities in which methods 
suitable for advanced students alone were used come out mto 
tho world as teachers yiihout any suggestion os to the methods 
which should be employed for beginners. There is small reason 
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tu.wonder*tjien that much of tli<t tetvching I'csolves itM-lf into 

* • 

an abridged edition of the Univeraitv eourhe. 

If HUfb a goca into a secondary .school he soon liiiils 
that these methods ^aro'linprooticable in the ease of lioy- 
Moreover, ho is then in ^o.so touch with other teachers wlio 
have bvd some j&xpenonce. Aiul^fnun tliein ln' learns fo avoid 
j tjomftiA mi8tj|ke«, and ik'qmrcH honn* of the ^Ms^hnn ^\hu•ll Inis 
yet to be ^tabulated and orgainzod into a M ience of s)a*eial 
* -anethod.^ Hut in a Tedimeal School a teacher is more fiv<|Uenll\ 
an isolat^l unit, left to plough a loneh fwrow, hemmed iti on 
all Hides ^y a curious kind of professional eti(}Uet(e uhieli f«>ibi(N 
method ))eing*dis(%Hsed. and living in an atmospheie mIiicIi 
rcg^nls method as suitable onK for teacheis of small ehildieii 
Jf is*80ine tnire, fhendore. before he learns that most h(‘giiuuif 
arc jirovusely in the position of littk* imes, \uth the same 
dhlieulties, and reqniimg \er\ mneh the same metho<ls to o\ei- 
come them Then, again, though he should come to afeonelusion 
as to whftt eonstitutes best method he me-ls with ol^taeles 
in the way of its introduction which reach tln ir gieate^f stimigth 
in Kv'oning Tcchnieal Sehoi^ls. 'I’o liegin vMih. tin* students 
only have a limite<J*^ime Next, tlie imfvement in,la\our nj 
laboratory woik has developed mote tapidlv tli.in l.ibotatorx 
accommodation. His use ot the lahoiaton is oftmi liinitfsl to 
a sharply delined period on one evening a week Thus ease*'' 
are known in whieh the Meelianieal loahoialcnies <iie ffccupied 
on every evening la the week, and th<‘ classes have tA pass m 
and out with mechanical rt^gulanlw. Ihit lw«» things ani eleai 
For effective teaching in the early stages simie of tlie work must 
lie doite bv the students themselves, and this must •pieiode* 
any^discuasiun or extension of the R'Hults. Tlie plan hv winch 
at a particular time some students art* doing woik which has 
lietyi discussed and exhausted some wt‘eks ago, while olheis 
are drawing conclusions front cxjx*rin)«.is which depend ujMui 
that which ha.H not been discussed at all,'is perineious in the 

, 1 
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oxtri'ino. When » olivss hu« ttcquipxl a <airly ful^ outline of 
the Huhjwl, and hoM become familiar with the cqpstruotion of 
apparatus and method of earryin|' out experiiments, th* order of 
experiment is of less iinportanee. ISut ouen here a promiscuous 
order is not to be entered upon liglJtl.v. In»the first year pt a 
new subject the order is fundamental and cannot be departbd 
from without seriously impeding the student's pgogross. , * 

If a close conneetion between theoretical and practical 
Aoik is to be secured, it is clear that tho studentsemust dd 
ninilar work at the hnne tin^ in tho laboratory. In fhemistry 
vnd Elementary I’hysies this has always been possibloiin fecent 
,'ears, because the apjiaratus is simple, inexpensh'O, ayd n^lily 
nnltiphed Rut m Mwhanios tho apparatus is as .vet oisthe 
I'niversily plan In many eases only one instnilnent for each 
|)urpose can bo obtained, and the teaching has necessarily 
ap)>roximated in method to that at the universities. Tho 
adoption, however, of the. mothixls of teaching outlyjed in 
Cliapter.Vl enables the students to ilthke uniform progress in 
tho laboratory work with a minimum of multiplication. 

Epr, this purpose the work is arranged in sections, each 
dealing With a group of cognate ideas i*nd including several 
exjicriminls. Thus in dealing with the projx'rties of materials 
the teacher (imt discusses with the ela.ss tho different ways in 
which forces can he applied to structural materials. They 
consider the be.st way in which to produce and measure exten¬ 
sion. eompasssion. Iiending, and torsion, lind decide that tho 
(hvta they want are the amohnts of deformation produced in a 
given ease by given forces under certain, conditions, whether 
these aie uniform over a particular, or anv, range o{ exp«nment, 
and so on. After that it is not a matter of very great impor&nce 
which experiment is attempted first. The eight or ten experi¬ 
ments comprised in the section are then distributed ronnd.the 
cla.sa. As each pair dj students obtain the requihid data fro.m 
one apparatus they change over with another pair, until the 
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whole ef tfio'oxporintcntal results Have been aocumulatctl. The 
btu^ciits the4i (UscuHS results, and with the help of the Uukhcr 
'consider^o wh<^ qiiestiv^ of.chwti(?itv so fur us it is uocessjiry 
at'this stage. They flhen^iroeeed to ajiply their kiiowknige to 
examples, and aft*eraanl8 are ready to start together at the 
|iext s^tion. * 

* It nv'ill he •obvious that the aisuul diMsion into thc<iretKHl 
and pnwtieiil lessons is departed from A elass may spend 
two or tHree nights in the laborutor\. a tln'oretical less<»n coming 
before* and after the evpeiimentabresults 1ia\e luvn olitaiiusl. 
OceasionAlly .‘‘eetjon ma\ oei ujiv onh one evening 

Ifi some yuscs an evpernnent is earned out b\ the teacher 
witU'ii the se(itioy--that is, a demonstiation in the lahorutorv^ 
which supplements or extemis the Mmlcnt s ovmi woik. lU 
the judicious emplouncnt t»f this method the rapidity of pni- 
grchs 18 quite e<|ual to tlic old method, and mllnitelv Mi|HTior 
m poii*t of effectivenc'.s No student ought to In* cxpirtcd to 
waste time over an exiViimcnl from winch lie iMii^lcarii as 
much when it is p«rfornu‘d mon* amn.itcK and expislitiouslv 
by the teaeher Morep\er, th.‘ lat(«‘i slioidd alwa\s be {wepaKsl 
to set up .sjiecial experiments to exteml <nul l>roa<h*n the student’s 
know'lodgc of pnneiples. properties, ami phenomena Many a 
man to-day owes the beginning of his MU'utitie enthusiasm to 
the tmuble whieh an okler gener^ition of teadieis took over 
ox{)oriments which wen* oiit.side the laiige of (he s\tlaj)iis. 

This plan of sectionnli/ang the woik can l>e applusl to any 
branch of cxjierimenljil science, buT it is pis iiiiaily uwfiil whcni 
the cost of laboratom e((uipment is cxiessive 'Hk* meth<Kl of^ 

t * • f 

putting'OX,'iTimcntiil work by the «lu<lcnts lirHf liiis the merit 
of avoiding a nonicwhat pre\alent error which so fre(|iieiitlv 
apfioars in syllabuocn that its meaning euimot be widely appro- 
oiathd—that u, the suggCHtion that the HtuilenI goes into tho 
laboratorj’ to'verify physical laws. A pSvKieal law Ik lieyond 
verification by an elementary student, and ^he suggestion 
i3« 
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that ho should attom|)t it is’an insuit to the distiflgfiish^d.rten 
who have preceded him. Through experiment liie class ^*ro 
led to see more or loss vaguely Jho^ existence* of a la%; their 
results added to others which arejpbtitined from teacher -or 
text-hook help them to state it. Every successful appliciUiion 
IS then further verification. • • 

This leails to another point. The name of ttic law follows 
the mental appreeiation of the relation between facts or 
phenomena which the law expresses. Without th#so facts 
Hie name is useless*' It is iv mere label, and until the student 
has iU'ipijred the ideas, has reached the geiicralr/jitioir, atiU can 
e.xpress in words what he has learned, the labcl'is a yuisauce— 
.V piece of useless lumber of no mental valuf w^iatoycr. ,It^is 
wrong, tlieicfore, to preface a lesson on the elasticity of gases 
by writing " Boyle's fain ’ on the blackboard , or to introducO 
a lesson on elasticity of stnietural materials by referring to 
■ Hooke's Law." • 

'I'lie fpiidameiital onler in the early ifthges is, firstly, the ideas ; 
secondly, the generalization iii wonts ; thirdly, the short title 
or labw' by wliieli the parcel of* knowledge will subsequently 
bo known. * 

,\ will'll IS peiliaps desiiable in reference to a curious plan 
which has aeliievisl a somewhat wider |iopularity than it deserves 
—that IS to I brow the studfiit on to his own resources in the 
laboraton. He is sent into the room, given some apparatus, 
told to do sometliing, and to observe what happens. 

A very elementary aequiviiitancc with Psychology tolls us 
.that observation is not an external elfi'et.only, but a reaction 
betwec'ii what is in the mind and what is outside of^ -X novel 
pixiscntation arouses a kind of erudo recognition which is of no 
)Hirticular educational value, and intellectual recognition pre¬ 
supposes a cqrtain amount of mental preparation. People observe 
what they have Icanirto observe, and observation's only an out- 
want ond visible sign of an inwaril and iiuisiblo mental picture. 
■ . 
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'Xhft firft'observiAioii o{ the vtfrvmg ciiloui's npim a (■(i|i))fr 
piftto when it is heated was net nmdo by an averone man— 
hot, at al^ rate, ih the scnpe thjvt it constitiiti'd a distinct addition 
to-exact knowledge; •and^t is hardly fair to e.\))(H't a toting 
student to do in it few niintiles \that thousands of nien failtsl 
to do ly a thous<nid years. If li(»is to pnisiie the path to know- 
• ledgi> which Mbs liecn taken by,the laee, he must be allowed 
^a reasonali, tune, and if he is to make an\ useful progn-ss 
ho inust*l)o hel]itsl o\er some of the diilieiilties which foiim-rlv 
proveil to be insuperable liarrieis f*ir a lon!!er peiied than he is 
likely to five ^I’he^teaeher and the school are theie to help him 
over.theinitial ste|)s, and to jiiit him in possession of what has 
bts'iiilone befip-e jus time It is tlu' teacher's spi-eial fiinetion. 
by appropriate suggestion, to direct his ,itti-ntion to the things 
which It is important that he .shmilil see Ohser\ation cannot. 
as Adams sa\s, he trained In priniding the pii)iil with mateiials 
to gajie at. In that ease the pupil merely gapes 

Similarly, the notimi'of .setting the student to iiejform an 
ex|>criment without aid or suggestion, is o|h'ii to eritieisni. If 
ho has a natural aptitude fir e.\|)eriment, trained by.vt^rious 
pursuits followed bi'forc entering the school, it may' he goisl, 
.and with an <ad\aiiced student it is admir.ihle. lint to attempt 
It iiromircuoiisly with begimieis is not only to court failure, 
hut to act unfairly in setting theiy to do what the iiitelleeliial 
giants alone of a former age were aide slowly and lahoriously 
to accomplish, it is the supreme lest of tin- teacher s judgment 
that he knows what to tell the stuflents. .uid what to leaye them 
to find out. • 

Appued Mechanics 

In considering what shall lie tho scope of the first-year course 
sortie debatable questions arise. Tho existence for many years 
of two syllabuses—one in theoretical amt the other in applied 
mechanics—has contributed to an arbitrary, and soqicwhut 
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undoflirftble separation between the science t)f raochaifios and Its 
application. So long as somo students attended classes in b<\th 
subjects no great harm was done.^^^ccauso they roJIreBented* 
the most serious and ambitious clement, aWio also would, in most 
eases, sta\ s(nno years in the school. But nftw that theoretical 
mechanics has practically disappeared from the time-tal^lo it is^ 
necessary to rwonsider the scope and character the syllabus 
in apjilicd mechanics. In this, as in other subjecto, tradition 
must be swept nitldossly to one side, and regard mus# be half 
only to the eircumstfiiiees wljieh have to be mot. 

The problem, then, is to proxulc a year’s worjj^ in Mechanics 
which will occup> one ovi'uing a week for «il)ou't thiity w^eks. 
It must be suited to the student’.s stage of matfxematica^pro- 
gri'ss, within the range of his industrial oxporieneo, and pro- 
* vide a broad and solid foundation for subscHjucnt studies. 

First lot us glance at the scieiitilic " content ’ of Mechanics : 


\UCH \M' S 

I *•' 


' 1 

sutler 

Twalnex of oipnliUnuth 

. I 

I I 

0 i)(Moiiu‘nt'«)s:0 


Kujcts x (nirludinff Ilydrauhr- 
'I'hrel laws of motion with comlUry to the this 

I 

I I I • 

FoiH-e fhnnjiox Forcu v: chanKO Aotum —Itoiictio 
Motion of Momontnm .md Principle 
«if Work 


Npxt let ns look at tlic'applieations. They arc:— 

( 1 ) Woj)crties of materials which umleVlic all design. 

( 2 ) The distribution of fjrce in .structures. 

( 3 ) Appliances for transmitting motion. 

(4) , , „ „ force.' _ ; 

(o) „ >. .. work. ' 

The two schemes indicate broadly the difference in conception 
of theoretical and applied mechanics. The one emphasizes‘the 
principles involved. &ifl the other the application of these 
prinoi{)les in industrial life. 
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■In (tccrtlrclftnce wkh th^ ])rmci|*li‘.s of toadnng wliicli Imvo 
liccn cnuncijte<l tlio co^urse Hlumld lie wi ilcsigncd tlmt the 
Htudent wrivos wt flic nuThiniic.il friifli'. flinmgh the iiiiulii-nl 
Htudy of materials and coJtiivancos in mIhcIi his inicn'sis me 
fur ^hc time being eeiitreH The aoik will he iirrmiged iii 

sections in ordet— , 

• « • 

((f) To bring out more eleiulv (he logieiil stniefiire of (he 
'..ibjeet, and 

(h) 4’o enable (he studeid.s In he Keid toeether. 

Koch seefion will eonfain ■ • * 

• ^ 

j(l) An iiUialM iwusmoii on tin* .nin of tin* Motion ami 
ifRHhod of 

• t-) Vh(* ^Jbrfftnnunro of i>\|)cimH*nts l>\ (Ik* .simlonts (hciiv 
selves, and in some eases l)\ (Ik* teaclier 
(3) A linal discussion of the icsults followed 1)\ (he woikinjj* 
of exercises, chosen lo einpha^i/e the tnifh and externl 
• its applications. 

»• • 

In the last stage tjie teadiei will Ia\ sliess on the«difh‘n'nee 

lietwecn a law and a delinition whene\ei tlieie is hiihle to he 
any confusion hetw^n tlie two. • • 

It will be ftssunuHl that the students ha\e jiassuf througli a 
prcliminarx' ttHhnical eouise or its e(|ni\alen(, and that they 
have Rome notions derived from expenence and teaching (d 
matter and force, motion and time In addition to this. tlK*y 
ought to ha\e a h(;(wmg acciuainfame with the idea o(moments 
and the composition and resolutnni of foices. On tins under¬ 
standing we pnK-eed to - - 

SECTION I.—<S’/rMS atui sinitti. Questiiiiis iiif ashed as fu 
th# effect of force upon eg , & rod of some material so fixed 
that it cannot bo translated bodily to another place. The 
various ways in which a force can lx: ajiplicd. and the iirohahle 
effect whiclf will bo obscrvJd are tbffluchcited from the closs. 
The importance of obtaining cxiut knowledge is emphasised, 
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. 111(1 llie .HtiidpiilN am askal ft) nay how thfly would propose'to 
liv the piece of material, how they woitld propose to apply {he 
foree, and a|)pro.\imatcly what .weights the^ considbr they' 
wdl re(|iiire ' * 

Tins, while it leads to very little external result, serve* to 
I pain (he alndenta’ minds upon the nature and (X)nditions,of the, 
experimeid All four eases of |(euding, stretchmgf eompression, 
and (.orsion, should be considered, and possible c(»ibinations 
should be noted. Some teachers would exclude torsioif at this 
st.ige, but it seems (B-sirable to give the students a broad view 
of (lie whole lield, and torsion only liccomes diflitnlt When the 
nderiial strea.ses are eonsidemd. 

With (wo sets of apiiaratus for .some expertmepts apd (^dw 
for otliei-s, (went> to twenty-four students would be accom- 
"modated at once with en.se. The a])paratus for springs and ’ 
be,mis IS easily duplicated. The former may be 4 ins. long 
and capable of strelehing 2 ins. with a haul of 12 to li lbs., 
and sutlieientiv accurate msiilts can be*Mitained by measuring 

r * « ' 

with an ordinary scale the distance between the first and last 
coil tiiijiilarly the laths may be 'if wood or metal from 3 ft. 
(o .■> ft. lohg, clamped to the underside of a table top, and 
the dellection measured from the table downwanls, or from the 
door upwards. 

It IS very desirable that at this stage the students should 
load a wim to destruction, and plot the load-deformation curve, 
in onler to obtain clear notions of the elastic and non-elastic 
behaviour of materials. Soft eo'pper and steel pianoforte wires are 
.suitable for eom|)ariaon. Moreover, m the c.ase of the elasticity 
experimehts the students should use the curves they have 
drawn to determine an unknown weight by suspending it from 
the spring or lath and noting the deflection. At the conclusion 
of the experimental work the teacher will discuss the results, 
define Young’s Moduhft,'and show how it is obtained from 
ex|ieriinenta on tip* extension of a wim. This should be followed 
136 
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by‘oitumplA"to be worked bc)me»»iid, sn far ns there is time, 
ill ^doHs. 

• Section II. — ParaiM firres. morticvix. and rouplex. A jire- 
liniisnry ex|)criineht shoiiiil lie iierfermed tn show that the 
ypwart^forces on a body lialaiien the downward fon-es, if, and 
•only lb,a few- Huestions h.iie sluijWn that the .students an' un- 
.iwnre of t^..s. If small s|iortsman's s|inn|; liainni'es aiv used 

»• 

It cmi l»# soon al oiiro that (lio sum uf tlu* U}»wa!d foiros only 
(“(jual.H the .sum of tlu* dounward Jjirios, «4u*n all an* parallel. 

The .s^udejj^s oun (‘xpenments are pei-fonned moie <juickly 

if <m« end of^lio rod »)r le\er i« supported l).\ a sjuiiig halanee, 

and ^ho othej epd has a shdiiu; weight Tlu* distance i»n 

the “halanee" side then lemaiiis tonstant The idea of a* 

moment” is best obtained b\ using s<*\eral discs mounted • 

on the same axis. The forces are applied to the penpherx 

of these discs by <‘onls and sportsiiMn balances The result.s 

are summarized in the |fi1neiple of moments, and this is apiilusl 
• • 
to simple practical e.xnmple.s on beams .nid girders. 'Phe 

steol-yard should mccivo xey brief tiealment. at this ^stagi* 

as an application. ‘ • 

Vorx'often bending moment and sheaiing-forcc diagrams are 
drawn in the first \ear, but it is rather dinienit to see what 
purpose they serve. If hending inoineni is to lie understood the 
moment of resistance must also lie introduced. There is no very 
(treat difficulty about this providing the idea isdovelo))edearefiilly. 

Once the idea of moment of res^tanee is clear an e.\j)laiiation 
of the cross-sccfioii lof cast-iron and steel joists, and thi' real 
meaning of .stiffness, becomes apparent The tcaoHing has then 
served a useful purpose, because it has given an intelligible 
reason for a particular construction. But tliis is certainly ns 
far"a8, in ordinary circumstances, the subject should be carried, 
and shearing*force diagrams may in ?njf caM- advantageously 
be deferred until the second year. 
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iSeotion III.— The. trinrujU of for^ anddte appliattioth, Tho 
ohief error to bo avoided in dealing ^ith non-pjrallel forces 
acting on a body in equilibrium is to beg the qaestion that tticy. 
meet in a (mint. If this jiart of th6 work has not lieen dealt 
with in the (ireliinnmry course, the ^ollowinff is a good meti^nil 
of attack ■— , . ’ 

An irregularly-shaped picce^of card with a namber ofTioIes ■ 
pierced near the edge rests on three bicycle balls, ofcjthrco good 
marbles, on a sheet of paper on a table. One, two, and theif 
three fonios aro applied horj7,ontally to the card by hooking 
spring balances or graduated rublier balances to the. hofes in 
the edge of the card, and the direction of the .stringjs injeach 
case marked on the piqs'r. The following observations .are 
fnadc - - 

(«) With one force the card tends to move in the direction.of 
the force. 

(6) Under two forces the card is in equilibrium wlwm the 
forces are e((ual and oppositof.” 

(r) When two of the forces are op[)oaite the thinl is zero, 
and it gradually increases as the angle lictwcen the 
“tpo decreases, until, when they', are parallel, it is 
equal to their sum. 

At this point the (larallelogram and triangle of forces can be 
explained and aj)|)lied to sinqile cases. It is desirable to extend 
the last fwo sei'tioiis at this stage by dealiijg with the resoluto 
of a force. This enaliles the .second law of equilibrium to be 
stated, and the whole work of the second and third sections 
,ean be summarizcil in the two laws— * 

ilfComponents) - 0, D(raomcnts) ^0. ■ 

Applications will be made to cranes, guy-ropes, and simple 
roofs, and additional ex|)erimenta can be introduced if necessary. 
It will be observed fkat some'of the experimtnts are com¬ 
plicated by friction. And the existence of this should herecognized. 
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But .it jn not (le8iral)le to,trouble about the exact numerical 
value of this,until the tt^nsmiaaion of work ia being conaidcrcd. 
. It is aonceivoiile that there may be conaiilerablo difference 
of.opinion as to the acoja^and order of the remainder of the 
sessjpn's work. That whicft has been outlined uj) to the preaent 
occupies about ten weeks—more ijr less iweimling to the ca|mcitv 
• of the,cla8s, the “gnj)’' of the teacher upon lus subject, and 
his power e'f organizing laboratorv instruction. 

’* ' Norntall.v the scheme would proceed as follmis — 

• 

SECTION IV .—The Irnti.viiismuit iniit ronrimiun of motion. 
, Belts anJ puBcva, ^gearing, crank and connecting mil, cams, 
simple btfeight-linc linkages. The object here is two fold--to 
fauiihari/iB th<*student with the devices invohed in machines, 
and to sharjien and extend his exjiciicnce of motion. 

Section V — Vclocihj uml uecilrmlion. This involves the 
raeasujement of tifno. and the cxiieiiments .should include 
observations on the relirtion of the time of sw :ng of a penliulum 
to the length. At the discretion of the teacher the oscillation 
of a weight attached to a hcjieal spiing, or a mass on the end 
of a thin lath may tic included. . 

It is difficult to arrange accurate experiments on time or 
velocity and recourse must be hi«l to the experiences of 
everyday life. A good’deal of practice should be given in 
plotting displacement diagrams. 

The simplest clti>eriments in accelciation are funtislicsl by 
a body rolling down an inclined jdane The sphere rolling in a 
groove is unsatisfactory, but a heavy disc on a long axle which 
runs on inclined rails is excellent. A wire stretched acrosS 
the'laboratory with a carriage supported by a pulley gives fair 
results, and a good Fletcher's trolley is excellent for the purpose. 
Whether the question is to be treated fully at this stage must 
depend uporf the capacity o! the claiS. aWhat is required is a 
basis for the dynamical definition of force,'and this is necessary 
•39 
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if kinetic energy i» to l)o »ndcr»tof)cl. It should be gbyious 
that force tends to change a Ijody’s ^tato of re^ or motipn 
oven tliougli the fall significance of the law ismot immediately 
grasped by the student. But it is^iot Always made clear to 
him that the alwolutc unit of force is mercly'a definition of.the 
•same kind that determines thojength of the metre. If ^avita- 
tion is not understood the teacjier may deal with St on the^nes < 
l.tid (lonn on page 1(111. After that numerous o.'caiwfilrH should 
be worked on inomentiini. using both ab.sotutc and gravitatioif 
units, until the student becomes fairly familiar with the’rclations. , 
There may be some disappomtinent, with th^ re.sult of the 
(eaehing at this stage because the eonceiitioiis are not^'asy,but 
theiv will be more if they are shirked. 'J'he main point Js to 
secure a ready working acijuainlanee with the subject rather 
than the ability to recite hair-splitting definitions. 

iSkction VI —A maehine may be regarded from 
three |)oints of view .— s 

(rt) A contrivance for transmitting Motion. 

{!>) ., ., ., Force. 

(C) .. Work 

The character in the first aspect is indieateil by the 
velocity ratio , in the .second by the mechanical advantage or 
force-ratio ; and in the tliinl by the tiTicicney. It is desirable 
to consider («) and (b) first, "and to re.serve (c) for tho next 
Section. ■ • 

Its velocity ratio should, be found experimentally, and 
cluKiked by calculation. A number of displacements of the 
points of application of the ellort and load may be plotted one 
against tho other. The slope of the line then gives the desired 
ratio. Similarly the load and effort should be plotted, and 
the equation to this curve determined. This should be com¬ 
pared with tbb equatiqp sj^iived on the assumption that there 
is no friction. The tdifference gives the friction equation in 
terms 6f the Icfed. 
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'OM'iicliual detcmiinati(in of «tlui friction coiintant uitli 
vafiouK Kurf^ces would appropriate at this sta^o 

• • 

. yECTiON VIL—Mofhin^ (tcnlinued). It ia propos(*d now 
to deal with tho •Hicioiicj^of a machine. If work and power 
hftve alr(‘ady Ik’^h diHcuased this ia oa.av, but for Honio reasons 
* it i8*(l^irable%to defer that question until the next Section. 

Tho m^iod of dealing with ellieienex h(*ie la as follows ■*- 
♦* il’ho rru^load for any effort has beiii found by (*\p(Tinicnt in 
Swtion \’H , and the idatl load for unv ran be eahnilati^il 
froin*lhe,equation of foree-iatio on the assumption that fiietion 
* IS lu^n-existentf 'llie ratio of llie i(n( to tho idail hfad is the 
etlieiency onSo machine 

* 'file etlien^iey eiirve is then jilotted anil eiieeked by apphinii 
•some effort which has not been used befoie ,ind iXMiling oil the^ 
load. 'J’ho advantage of this plan is th.it the student u.ses hi*' 
previous exiienmental results to <le\elop new knowkslge. 

f:5Kt’Ti()N Vlll —Wvrk and Pourr This sf'ttion wpll lesieu 
the whole of the exjM'nments on niiM'hines, and de\eloj) the pun- 

‘ iplc of work and idcns on tho rate at. whieh work is j)erf<friiied 

• 

A'o/c—The machines .stiulKKl shmilci include a Irani of «car- 
mg 8uch as a Imildcr’s a inch, rope pulley tackles, a 
scrcu, a uorm ynllcy tackle, a simjilc anil cdiiijhiuiiiI 
uhccl ami axle 

Much time may he saVcil if a light sjiriiig halaiicc 
for measuriiig the effort is used instead of the i^sloniarj 
scale pan and small weights 

• 

Apart from Engjpeors tliero are two oilier groups of students 
who altend classes in Mechanics—those engaged in thojfiiildiiift 
and Textile Trades—and it will Imi desirable to say something 
about their requirements. Usually tho Builders will take the 
sobjeot in their second year at the Technical Bchooi, and their 
mathematicsll equipment wilfbe moreMiodest. On that account 
it k necessary to rely to a greater exteift upon the graphical 
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inothodH of calculation. 'Dhoy wa*it to‘know of 

work in cunncctinii with the lifting of weights and the mecha^al 
advantage of various forms of lifting;tackle. ‘In addition they 
need similar instntetion to lirst-yeaf'Engineers on torsion, com¬ 
pression, e.xtpnsion, atid bending, and a ratficr fuller treatment 
of ginlers and roofs Torsiomis a matter of little or n^ confKe 
<|uenec, hut beams and roofs,should bo dealt ^^th as fully ns< 
in a course for second-year Engineers ^ ^ 

'I'he re(|uirements of Textde studei\ts fall into two divisions. 
Firstly, they need ififormatvm on the transmission and distri-, 
luition of power in a faetory , and, secondly, lh<a'. ne«l a*some- 
«hat e.\hausfiie treatment of devices tor tninsmittipgaif mation. 

The e.vamples in meehamsm should be chosen laigely.from 
\he spinning and weaving machinery It is doubtful whether 
.1 full session's work is really iiceessaiy, and it has been proposed 
that half a se.ssion shall be spent on meehanies and half a scssiun 
on mcehanieal diawing The meehanisni uould certainly involve 
a good deal of plotting loci, and it slVms feasible to combine 
this iiith the drawing of the actual meehamsm.s involved. 

Ri,E('THICITY and ELUCTmCAt ENOrNIiEMNO 

Hitherto there have probably been moiv dillieulties associated 
with the teaching of this subject and Chemistry than with any 
others falling within Technical School ciirrieiila. These have 
arisen partly from the f.Mit that students of varying age, different 
e.xjiericnees, and widely divC.gent aims, have presenteil them¬ 
selves for instniction: and partly because the numbers have 
not, ill iiiost'cases, jiennittcd alternative schemes, differing in 
soojKi and character, to be formed. The influence of the course 
system is, however, making itself felt, and the students are 
lieooming more unifonu, at least in age and preliminary 
training. 

The scope of the" teaching has usually been determined by 

♦ ' 
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the-By4abuB.of thetBoan^ of E4ucation in Mngnotiwn arid 
Electricity, and* by the^syllabuses of the ttty and Guilds of 
Lomlon iistituteiin Electrical Engineering, Telegraphy, Telc- 
|)hony, etc. In most ,casa# tlie student has been required to 
attepd a class in "the lirstf stage of the Board of Education 
syllabus, prior*to or concurrentlx with, the lo\ve.st stage of the 
.^'ity "and GiiSds subject. Thoit- is a vcr\ strong feeling, 
however, tfeit this involves a goini deal of rejictition and much 
''waste of ^ime. The chief recommendation is that the City and 
Guilils' syllabuses cannot be cmcTcd adequately m one year 
by stfideuts v^o have no previous knowledge of the subjiict 
"The jteaelje^^as to choo.se, therefore, between a somewhat 
sketshv treatment of the technological subject and an academic 

•k •* * • 

and prolix scheme involving the old si Halms of Electricity amr 
Magnetism. 

"The tendenev is to adojit a scheme which, while it omits 
nothing that is of tundamental impoitance in c.\plAining the 
applications of aciences«does not sh\ at tlic disciissiim of 
practical iiiatniinents and methods tliat are within the range of 
interest and coiiipreheiisioii of elemental^ students 

For many re.asoiiK it is desirable that a student ijioiild not 
enter ujMm this subjiHit until the second year at a Technical 
iSchiKil. riiief amongst those is the fact that Electricity is a 
dynamical science, and tl'e later it is introdiiced into the course 
the more rapid is the progress wfiijli can be made in it In 
no other subject is ft so necessary to haie an e(Icctivc*|)rc|)ara- 
tion in mathematics and mechaniw. 

In mapping out the course the teiuhcr will naturally hu\c 
regardtto the desirability of gniuping the experiiiirtits wherever" 
the "failure to do so would lead to the divorce of theoretical 
and practical instruction. Even when the ajijiiiratus is siifliciont 
to enable all students to undertake the same cxjierinieutal 
exercise this grouping may he lulvisuiiljt tiecaiise it tends to 
bring into relief‘the logical stnicturc of the snbjcit. A set 
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of oxporimontH iuc-ludod between two tljooretic^ Jessons. au 
iiitroductorv review uiul a suiimmrv mid extension—always 
produces a larger and more cohofent bojjy of jjnowfeagp 
than IS (lossihle when the iftoiiytonpus lecture-laboratory- 
lecture - laboratory - order is followed. Moreover, it is ^thdii 
always possible to ensure that the thcorctieal discussion is-so 
related to the practical work as to prodiieo the n*vxirauifi effeef, 
To proceed to a detailed scheme, the method and order of 
treatment of Magnetism offers little scoiio for originaUty. TlW» 
limt essential is to s^'cure a clear mental picture of th# magnetic 
Held, of the elfect of magnetie material in altering the distribution* 
of force 111 the field, and of magnetie iiidiiction. The shiiple* 
f,icts ot terrestrial magnetism are necessary m onldTiil^ndcrdtand 
•galvanometers, etc,, but the treatment may >e very bilef, 

« aud i*cliiio»KMils of iiioaHuroiuoiit of tho earth h magnetic c(uv 
staiits arti not nocosHary to tho Htudeiit’s sul>sc(]ueiit progress. 
'I’lius tlu“coniparison of iiioniciitH with a rainplc niagiiotomotcr 
may be desirable , but the effect of a.piagiiet on a iiecdTo when 
the fornler is in the A and H positions oi tiainss is not rcquirwl. 
It should bo clearly iiiidcrstood that this suggestion is not 
base(\ iippti a iienclmnl for premature speeihzatioii and short 
cuts The Science of Electricitv and Magnetism is no more 
Klectrical Kngineermg th.in is the Seieneo of Mathematics, The 
complev iippliiHl subject is not a simple addition of sejiarate 
sciences, but a fusion of cettam elements in each, 

A iilost jnolitsvblo oxereiso at this stage is the drawing of 
lielils of force to roprosoiit ..various airaiigcmonts of magnetic 
bodies. At first these should lie done oxi>erimentnlly; later 
‘they slunild bo drawn fii-st and chockcil by subsequent experi¬ 
ments, In this way the student obtains a clear idea of the 
properties of the siwee surrounding a magnet, and this con¬ 
ception is essential to intelligent progress, 

Tho next* stage is,u»!ially the' production and properties of 
an electric current.- This is not difficult if the students have 
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dont some dhemistryt but if they hnvo not, the teaching neocs- 
aarjljr beeomsa didactic^ and disappointing. It is perhaps 
desirable to run li|htly ov^r the chief effects of a current at this 
l^int, and then to select tho>'^nagnetic effect for particular study. 

llhe effect of a’ current on a magnetic nt'cdle leads to a 
considegition of galvanometers. .The pivliminaiy e.x|x'rijnents 
•will sfiaw the Effect of— , 


, (a) Increasing the thickneas of the wire ; 

(4) Ifigreasing the number of turns, 

• (c) Distance of wire from needle; * 

^ Id) Atlvantogo gf a eircnlar coil for incasiiroment. 


A gwhl deal of tinio is frciiucntly taken uji in the classroom 
by long descriptions of the different tijies of instruments. It' 
is far better for the students to e.xainine the different forma 
in Ihc laboratory, to sketch them, and to aecoinjiany their 
sketcheg with simple descriptions. * 

A very simple fonn aff gahanoineter niaj be usisl to* give 
some idea of resistance and fall of laitcntial, and these |ihenomcnn 
load to definitions of E.M.F., C., and It In imler to fix Dhm’s 
Law some mcasnrementa of the three (pianfities will.be made 
in the laboratory, but the exercises should be grouped, and 
over-elaboration should be avoided. Wide knowledge and a 
high degree of skill in these determinations must bo obtained 
under more favourable conditions in,the testing-room. In the 
school at this stage they arc incidental to the clear appreliension 
of Ohm's Law. Almost, if not qute, of eipial importance is 
the working of a nujiber of numerical exercises on the same 
topic, but illustrating a wider range of eonditions. * • ’ 

The three topics which now call for treatment in some detail 


* Electromagnetics, 

The heading effect of a current,'' 
The chemieatcffei-l of a current. 
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awl there may be acme diflerence of opi&ion as -td the oiHor. 

TTp to this point the scheme has nijf. differed njuch from, an 

ordinary course in Electricity and hjagnetisnf. The ^)ropertic(i 

of an electromagnet and of a solen^, and the heating effect of 

a current provide opportunities for explaining the construction 

of commercial measuring instruments, of glow-lamps,^and of , 

one or two sim])le forms of arp lamps. These should beotudied* 

at lirst hand in the laboratory, and sketches and descrip- 

lions entered into the note-book. A parallel treatment ma\ * 

bn wconlcd to thd cheinityil effect. Primary and'Secondaiy. 

batteries may bo examined in the laboratqiy, and ’a few 

cxam|)lcs of electro-deposition may bo introdneg^ ■ 

fn some cases it may bo desirable ti> defer tl}® coijsid^itiyon 

of tli<‘ chemical effts't until later, so as to follow', with as little 

* interval as possible, the magnetic effect of a current, inductiori, 

and its application to dynamos and motors The cliaracter of 
• *» 
this portion of the work will necessarily vary with the equipment. 

In man^' schools the number of stnddilts will hardly justify an 
expensive e(|uipment which will enable all the students to be 
kept together. If the teacher has to choose between a deraon- 
strafion and a variety of experiments whiifh involve the divorce 
of theoroticnl and practical instruction, there is no question as to 
which is the soundest method. But this statement must not 
lie taken as indicating a preference fur a limited equipment. It 
is mcrelv a piwe of mlvicc upon a choice between two evils, which 
is net to be commended in any but temporary arrangements. 
Eloetrical Engineering dematids adequate provision of apparatus, 
and it cannot be taught satisfactorily whore this is insufficient. 
We nrb dea'Iing hero with an eminently experimental subject, 
which must be taught by laboratory methods. Success depends 
upon—(«) An wlequate proliwinar}' training; (A) A proper 
relation between theoretical and practical instruction. ■ 

There is one othir tfbint whick has so far escaped disousedon 
—that is the.inclusion of electrostatics. Formerly the topics 
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inchi^od ulidor thiw head, ivccivoil an aniount of attention 
quite out of proportion ^o their im|)ortanee—not to Elect rioal 
Science, hut to Electrical Engineering. Even now it in impossible 
to ignore them entirclj’s JKlt in the first year only just so inueh 
should be includetlVs will explain the action of the Electrostatic 
Voltmeter Ami the Condenser. .The former will be described 
>by analogy* with the gold Icnf^ electrosco|H‘; the latter by 
analogy wvh the Leyden jar. But even these may wi'll be 
*lefl to Uio second year. 

• , 

CiiEMisTiiY Ahi) Science fob I’.\imct7i.AR Trades 
Chcmislry 

■ In view of the voluminous writings on the teoehing of * 
(.'homistry which have appeaitHl during th<‘ last twenty years, 
an abjact apology would seem to be noees.sary for this chapter. 
The aim of most of tRilso who have hastened into jirint on 
this tojiic, however, fins been the teaching of Cliemistry to 
.schoolboys, l^pon this and,, indeed, also ujion the t^aqihing 
of Chemistry as a science, we have nething to saw With a 
class of schoolboys having a reasonable amount of time, and 
no imme'liate professional or industrial needs, much can b<‘ 
done. But in the Evening Technical S<‘hool the. teacher 
frequently has to deal with a class Jn which the age, previous 
education, and indJstrial rerjuirements vary enomiously. 

The usual practice is to jirovidc i*scientilic course of Chcmistiy 
which, if pursued for a sufficiently long time, will surely throw 
light i^xm those industrial pnicesses in which tlfo sttldent is 
interested. The effect of this is well shown in the difference 
between the first and third-year class. The former may contain 
tcaehers, students working for a University degree, dental 
students, phffhnaeeutical chemists, sttideltts engaged in works 
laboratories, students engaged in the proeess of dyeing, or 
M7 
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biciti'hiiif;, <ir litiiiiiii^', or sotp-nmkuig, umlkaii ENid Huip|iariv 
(icid mamifHCturc, or metallurgy. T^e latter contain a few 
HtudoiitH working for degrees, and ^ few engaged an work* 
laboratories. Nearly all the studenfs of lower calibre haye left 
the class. . 

The essentially physical baeis of Chemistry* requires^that’ a 
good deal of the lirst-yoar work,should consist of rfiysios. • there 
is a natural tendency to slur over this, and the stady of the 
higher stages sulfers in runse<iuence. Again, the extensive 
range of Stage II. ak compared with Stage I. has gefterally led 
to the latter being divided into two sections, covering two^ears. 
It is, however, rather difficult to make a happy'divjjgm of this 
syllabus, and it is better to re-arrange the scheme entirely.^ 'The 
introduction of Physics, with special reference to Chemistry, on 
’ one night a week in the lirst year enables more ground than is 
represented by the old Stage 1. being covered in the first year, 
and lavs a good foundation for Stages 11. and 111. in subiequent 
years. i 

A natural result of the controversy on the teaching of 
Chemistry has been to stcreotwiie method. While in some 
E«si)octs this is all to the good, it in most desirable that the 
teacher should seek to ascertain ujum what kind of work his 
students are engaged in the day-time, and with what substances 
they come into contact. This knowledge will frequently enable 
him to ^lect a substance «r a process the nature of which will 
at once chain the attention of the class.' The establishment 
of a principle will then bo*much easier than if it had been 
attempted through an unfamiliar substanqe or process. 

Not'only" should the students’ everyday experience form the 
starting-point whenever that is possible, but it should influence 
largely the kind of practical work undertaken in the laboratory, 
and the natqre of the processes discussed in class. Thisntiliza- 
tion of the range iff hidustrial knowledge and interest is 
analagouB to t|ie method of utilizing the common knowledge 
148 



EXPERIMENrAL SUBJECT'S 

and interest* of ooheolboyr, and *b equally valid. It murks 
thf^only reaj difference*^twoen the teaching of Chemislry in 
the Secondary aM Technical School. 

^ -It .will be well to Inok'for a moment at ahat thisi)rincii)lo 
involves. The stuclent engaged in Alkali and Sulphuric Acid 
jvorka jyill require emphasis to be laid on sodium com|)ound8, 
■and on acidimetry and alkahmqlry. The student engaged in 
a metallurgical works requires a rather fuller treatment than 
Usual of oxidation and reduction of sulphur compounds, and the 
effect of Seating them in a current of alb, and hence of the 
^ recovery ‘of njftaU from their ores The c cry eonsiderabk 
variety (i^infercsts that aiv reiucseiitisl in some classci. 
wiU'^pnder 8|)qeialixed teimhing of this chuiacter imjiracticable. 
but there are numormis cases in a Inch the students can he 
divided into t«o or three groups, and then an occasional 
theoretical discussion folloaing special «oik m the lahoratory 
will Iks both possible and bcnclicial 

In many phwes arrangements arc made for the stiglcnts to 
visit gas and chemical works during the session It is \crv 
desirable that such \isits slioukl be ])rc(cdcd In an aci'piyit of 
the materials and processes involved (iiiK in this^aav. as a 
rule, can the students lienetit from an ins))cction of uj>|>uratus 
which is so different fnmi^that which they use in the lalsirntorv, 
or from that with which they are familiar in their own industry. 
As in all other cases, they ha\c to be taught what to “ obseric " ; 
and without preliminary knowledge it requires a line effort 
of the imagination to realize what goes on inside a sulphuric 
acid cimmber 1 This example may bo heartily commended to 
the “observational” and “ throw-a-student-uiHin-Ms-own- 
resources ’’ schools of educational reformers. 

Perhaps a few suggestions might be offered upon the Physics 
to sneompany the instruction in Chemistry. This will ordinarily 
include determinations of specific gravity,«thcrmometry, melting 
and boiling points, vapour pressure, the tlicnnjil properties of 
149 



TECHN1(;AL school orgamiza^ion and teachino*- 

gasew and spcoilic and latoat heats, followed by •about tpn or 
twelve lessons in Magnetism and Electsicity. ^he.first eighteen 
or twenty lessons would bo dcvolvejl to physical eaperiments 
on the substances examined in thlS* Chemistry class. The last 
portion would seek to lay a foundation for the electrolytic 
theory of solution. It is hardlj’ possible to include such jiiatters 
as ]>yroineters and the kinetje theory of gases at thi» stage,* 
and where some special knowlcdgo of this kind iscroquirod it 
is bettor to arrange a short course in the summer nnmths. * ’ 

Before leaving this subjr^jt it will be desirable to’offer some 
remarks upon the scope of the laboratory worjj. • * 

In the lirst year there is usually a fairly Hoj^onnfction 
lietweeu the theoretical and practical work., Beypiu^'tliis, 
however, the latter tends to degenerate into mere test-tubing, 
and to have little or no relation to the work ilone in the lecture’- 
room. There is now a wide scope for the development of a 
much closer connection between the student's own work^nd the 
teacher'ji extension of it in the sceoftA year of the course. A 
sudden plunge into systematic analytical processes is undesirable, 
becaiu^ as a general rule his mind-eontent is neither large 
enough ner sulliciently systematiMd to eiurtile liim to appreciate 
the methods. He learns by rote, and performs exjierunents 
mechanically. 

The most satisfactory ])lan is for a series of prejiaratious 
and rcaetions to bo studied in the laboratory, and for the 
theoretical teaching to be based upon these. Preparations and 
puritications involve analytical processes, and in performing 
them the student gradually acquires that mental background 
without whfch systematic analysis is unintelligible. 

iScience for Particular Trades 

There are a uumher bf trades for which some' knowledge of 
Chemistry and Physies is re(|uired, and in which it is extremely 
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difficult ta Bcrsuade^ the students to attend the ordinary sciemr 
classes. Thus,* in addition to builders thcixi are metal-j)l<de 
.wbVkcrs,an^ mtn attcrtding an engineering worksho]) counse 
wjro ought to havc,son|% instruction in tlio chenu.strv .ind 
Trhysics of materials. In many cases the .standard of udinishinii 
to these clasilbs^Is low, and the students hare very little inallie- 
’matileal abilSiy, or of that eoinmand of language uhieh is 
essential for scientilie .studies 'It will lliereforo ho desirahle to 
make some suggestions as to the method of trealnienl. 

The scheme for bmlders is fully set ojjt in one of the hooks 
of tko syries to which this voluiSe is an inlrodmtion, so that, 
one or two netcs'oiily are uecessinv here. The lirst point is 
to see tlSr (he science work kcejis in the closest touch with 
the \ra3e class. The order of ti’eatment is determined laigijr 
. hy the onier of the teaching in linilding Const ruction Isach 
sbetion should lie inti educed if possible In .1 prohlem in Hnilding 
{('f. the example In Ch.ipler V). and the siientilic piinei|ilc 
acquired must again aiiplied to the elm idafion of.fnithci 
practical prohlems. "As this part of the inslinction will geiieralK 
be’in the hands of a Science teacher, he should emlearoni to 
acquire some knowledge of’the tr.ide maleii.ds and fiifsesses 
but more particularly he .should make an effort to estahhsh 
friendly relations with the teacher of the tiade subject. 

In the early part of'the coui’se just so much geology should 
be mtroduced as will exjilain theanigin and stnietuie of the raw 
materials, and it Is of fundamental importanee that Ihese .shall 
he examined and compared in the lahoi.doiy. The teachei must 
avoid at all costs the cncjcloiiaslic tyiw of teaching into whah 
it is lo easy to fall. What the hooks say and the jeai her lejsstl.s 
is*of small consequence eompareit with what the students 
actually find out from their own ohscivatioiis. The iialnre of 
tj^e material used in the school itself should he noted, and the 
attention ofithe class shoulddic directol t^ the materials employed 
in their own homes and in various puhlk; buildings in the town. 
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Thin iH thtf bent wav of a<!([t^iring'mfonnation abovt«apQearance 
in bulk, ami durabilitv ■ ’ * 

Tho sohool again is an cllective sUbrting-point fona diiicusi 
sion of lipating, vontilatiou, and ligjiting. The teacher’s o.wn 
jiidgiuent hei'o will previnit him fibin falling into the error ^f 
superior critieism A great many school byiRlings have’ a 
[ileasing exterior, whde tho interior contains diany IJlffstra* 
tiona of ti'chineal ineptitude, but an eleracntaiy class is 
not a body to whom complaints can usefully be ra^de. • 
Instruction for nytal workers should comprise a qualitative 
oxiieriinental treatment of tho properties of the matcjial# they 
use. Thus they should leam that some bodies isre quite elastic 
within limits, and others plastic even to small ffirecs. A clear 
picture ought to be developed as to what occurs Vhcira bar*of 
.metal is stri-tched, compressed, bent, or twistMl to a small- 
extent. The tendency of metals to " lloii ’’ should be illustrathd 
by the privesses of " spinning ” and beating out sheets, and by 
wile dvauiiig. A verv elementary couusf' in heat would involve 
tho cxplnnatiou of melting and boiling,' approached through 
tho effect of heat upon alloys Tho necessity for sonic flux to 
protce*t "the hot surface from tho air would lead to notions of 
oxidation and reduction, and to a faiily clear picture of com¬ 
bustion. It may be obseived that this order is the reverse of 
that usually fidlowed in Hlcnientarv (’hemistry. The secret of 
success here is not to teach the nature of tho processes through 
oheinistrv, but to attempt to teach chemistry through the 
trade processes. Tho teachej should realise that substances 
through which choniistiy is usually taught are an accidental 
selection^ If ,the only people who required chemistry originally 
had been metal workers tho books would hove been quite different. 
Most elementary books on chemistry are designed to appeal 
to the minds of schoolboys. In this case the teacher has ,to 
appeal to the'minds o| mgtal workers, and he must alter the 
method accordingly. - 


152 




CJlAlTKlf XII 


THE TEAt'HINU OK CONSTIU'CTlOiS 

It will now 1h) dcsimblc to (li»cu»s the nforc strictly Techniciil , 
Subjoctsi-Maotinc, (’onstmclion. Jtuildnij' Const ruction, etc. 
As *ho imply, the.so involve the study of construction, 

tl^uugh Jhev^Jittve been, and still arc, interpreted as excuses 
for inero jiencil play In industrial life drawings uie used to 
eipivey ideas from the an'hitect or designer to the workman, and* 
the pro|)er place to,aei|uire this abihtv is m the drawing-ofliee, 
whcrc'thc long hours iiciinit of that skill which is necessary 
being obtained. Tlnj liiinction of drawing in the whixil is 
rather different. There it enables the student to acijiiire exact 
netiuns of projiortiiyi and general arnuigement Iiicidoiitully 
he leanis how to make and read drawings, and thfts becomes 
familiar with the language of constmction, as well as with 
construction itself. , 

A close examination of many yxainjiles will show that three 
considerations are involved — • 

4 

(1) Materials and proeesscs. 

(2) Strength. * 

, (3) Commdh sense, 

tn the earlier stages the more important are (i) and (3). 

At'a later stage the student’s shop experience enables him to 
leal with these factors subconsciously, and he concentrates 
lis attentiorf on strength. *In the year, therefore, the 

ilass should confine their attention to the Simpler constructions. 

« 
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They ijiuy culculuto weight,^volume, and quantity of giateriai 
required, but they should not go deeply jnto quesAions of strength 
until they have obtained in the labfiratory (that quantitative 
knowledge of the proijortics of* laaterials which is necessary 
for design. If this rule is broken ^ho tendency is to produce 
students w ho can design thipgs that may npt* work, of Are 
ine.ipabic of being made, or who.se construction *wouldp(Volvo, 



* I. 


too great u cost A sort of jpictical instinct has to bo developed 
through which scientiiic calculation can safely operate. 

• It will be desirable to deal tirst with Machine UomlfuMon, 
and it will be assumed that in the Preliminary Technical Cenise 
the students have learnt to draw the common regular figures, 
and to project a simple solid, such as a brick. The initial ytep 
sliould be toi secure a pt^|icr ineihod of setting out the work. 
For this purpose a model of a simple crank (Fig. 1) or similac 
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detail jnay be chos|n, of which ^ree views are miuin^l. The 
students should mdasuir up this and make sketches of it in a 
•squared^aper Wite-boolc. If there are not sufficient cranks to 
go round, other simple ohj«et*s may he used. 

.The students hiav he lAked : “ What scale is to be uswl ! ” 

They are then told to draw the object in the following stages 

' • • * 

( 1 ) The horizontal eentiv Ihies 

(2) flio vertical centre lines 

(3) *Distanccs of outline eiwh side ol \ertieal eentix' lines. 

(4) the vertical lines of the object wifli set s({uares, and the 

* • cirjles. 

,(.'>) Oktances of outline each side of horizontal centre lines. 

. (0) The Sorizontal lines of the object w ith T-siiuare. 

• • .* 

At this point the following questions may be asked — , 

(«) What should be the radius of M ! What tool is used 

• to make this i If the radius is too smalTwhat is the 
* effect < »• ' 

(6) What should be the outline of ends N ' How would 

' these be machined 

(c) What is th» smalleft number of views from Mfich all 
the dimensions cuuhl lie obtained ? * 

In common with other subjects which have been diseussi'd, 
the Wfork for the session should be arranged in sections, each 
dealing with a closely associated gioup of constructions This 
can be interpretefl in two ways. According to the lirst jilan 
the constructions to be gmupeil can be similar in the sense 
that they are intcn^led to jierform the same functions in ilifferent 
machnies. According to the second jiian the* conatructioAs 
can be grouped so that when taken together they form a more 
or less complete machine. The first is that of the standard 
baok on Machine Design, and, indeed, it is doubtful whether 
a book, to "bo of wide value, coulib lje,»orrange3 in any other 
way. Thus there is a section on bolts 'ami nuts, another on 
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rivets and riveted joints, a tl^rd on keys an^ key-'ways, a.f(^tth 
on cranks and crank-shafts, a fifth on wheels *an^ pulleys,^ a 
sixth on connecting ro<l8, a seventh on pistofts, an eighth on- 
hearings, a ninth on valves, anJ s««on.* But if the students 
follow this arrangement elosely the^ learn to draw detacjied 
details, and do not realize the reason why the various diff^renees^ 
of form and eonstruetion have been adopted. Moreover, it - 
tends to become dull. What can be less inspiring than to 
spend a week or two drawing rivets, and another week or two* 
on keys and key-way j ? 

According to the other plan a scries of simp|!e machiifes is 
chosen which are of interest to the class in vieU- q^the local 
, industry. If the latter is varietl the class can be taught in 
sfxstions. Thu fact that the ty|)c of machine miulc locally is 
complicated does not necessitate the complicated form being • 
undertaken in the first j ear. The main |)oint is that the student 
shall understand clearly the purpose which the machine .has to 
achieve, qnd that he shall lie able to cn.icentrate his attention 
on the myalls taken to attain the end. 

■ 

In order to illustrate this method an exnm])lc which might 
follow the crank shaft will be given in detail. A B in Fig. 2 
represents a heavy piece of timlier, and C the end of a shaft 
for which a bearing has to be provided. Set the class to sketch 
the outline of such a bearing. This is criticized, and a model 
similar to that shown in the. figure is exhibited. The following 
questions 'are then asked :— ' 

Of what material would this bo made ? Why 1 
Why docs the sectional area of the webs increase as the base 
is approached ? „ 

Why are the corners rounded out ? 

After discussion the class is set to draw the bolts and nuts 
separately, and then to draw a section on X Y. ' 

Incidentally the 'students may learn something about 
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niuukliHg and oanting, the [ifoportions of bolts and* nuts, .atnl 
a oottor. As an exorcise an actual example or mgdcl may be 
given to be sketolxsl an<l drawn, and thijn treated in a similar way.' 
Tlie example may be extended bf xlrawing a straight or l)cnt. 

lever, which is keyed on tfie end of t^e shaft (Fig. 3) 

I Questions are asked as follows: — ' , • ^ 

(rt) Of xvhat ina<erial is the lever made ? \Vhy’ 
(I)} If of wrought iron x»hat would b?, roughly, 
the shape of the section ? • * 

(c) If«of east, iron what xvould be, roijghly, the 
.sha])e of the section ? ^ . • 

(rf) Where woukl the key-way be eut in the boss, 
and xvhy ? (.SVc Fig 4.) ' , 

'• • • • 

This exeni.se may be followed by sketohes of 

similar contrivances from tbe model or actual object,' 

• 

and by ealimlations as to weight and eost. It will be 

observed that the 
workshop aspect 
is predominant, 
and that bolts, 
nuts, cotters, and 
keys are dealt 
with ineidentally. 

Subsequently 
other simple 
machines such 
as a drilling 
machine, lathe, 
(me of shafting, small steam engine, gas engine, or pump may 
1)0 attempted, choosing that which is closest to the everyday 
work of the class. Models should be used os freely as possible, 
in order to— • 

(1) Correct defects of observation. 

(2) Focilitatje the association in the mind of the solid 

oojcct with its flat representation. 


Fig ,i 
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Both this <tnd the lUtcmativo plai^eaahle the otni>H to he kept 
together. Bv ihcluling within tlic section n nnml)er of exnmples 
anJ discussing them at the beginning, the exact order in which 
these are studied by individuhl students i.s unimportant. The 
fies^ draughtsman*should ftart with the more diflieult details, 

and/ill in time with additional skftehing, drawing, or calculation. 

ft . • I < 

The next section is entered upon with all the students together. 

It is common ))lan to set all .sorts of tricks in drawing 
wiews ot^er than those given. Some of these arc of )iriwitieal 
value, and some are not. The latter foiiw a euinbrons method 
of pitmtijing a^student in reading a drawing—a faculty which 
can jje more easily tlovelojicd by assis iatiiig object and drawing, 
andstested by*giving the student a eoinplieated drawing with 
instructions th get out some detail for the forge or inaehino shojl. 

• In order to bring out the sjiecial features of the examples,* 
the details may be eomjiared with similar ones which arc 
designed to meet a (liffercnt sot of coiidil ions Thus itn ordinari 
bearing for a horizonlalsenginc may be com|)ared wit/i ^ loco¬ 
motive axle box, a Marine thrust block, and an Adjustable 
bearing for a line of shafting. Roller and ball liearings, and 
bearings with ring*oilers, should, however, be IcfJ. until the 
second year. As a general nile, these examjiles introduceil 
for comparison need not be drawn, but they must be sketcheil 
in the note-book. In tins way some of the advantage's of both 
methods of arranging the work is bljtaiiusl. Details performing 
similar functions afe grouju'd, and the general idea of Ihe whole 
machine holds the knowledge together. 

It should be observed that the second jilan is the one. more 
usually followed, mainly because tho first is liable to involvti 
draVings which are beyond the students’ powers of draughts¬ 
manship. Unless the possibility of tho second methoil is kept 
iiuview, however, the examples selected may do nothing to 
develop a sense of fitness ahd propprtipn. If liearings are to 
be considered only in relation to 10 h.p.* engines of a certain 
type, a connecting rod for a 1500 h.p. engine is •out Af place 
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ii d«j»ilc(l drawing in the ^aine cuurra. llio se^ of djawinga 
by one atudcnt which included a 0 slide valle, alid^a gas engine 
piston as the sole examples of these cdnstructions, wa%a stfCnd-v 
ing record of lack of system in theAeoching. 

Up to this point the value of workshop processes has Ijeen 
based upon the desirability o{ showing the student how. the 
form and arrangement is dependent upon them. These*are, . 
however, other reasons. One is the encouragement., which is 
given to the student to look about him in the shops. Jeaching ** 
which only stimulate* once a week is not worth a great deal, 
and no opportunity should be lost of putting the student into 
intellectual touch with his environment. It cs unfortijnate 
that the extreme .sub-division of modern engineering industry 
permits few students to know e.xactly what goes on outsule 
•their own shop. More lunticularly is this the ease with moulding.' 
It has, therefore, been found very beneficial to include in tfiis 
part of thd course some instruction in moulding. Two nyjthods 
have beep adopted. One is to give demonstrations two or three 
times during the session just when the process has an important 
influence upon the design of the example studied. The carting 
is mode in loarl, and the plumbers’ shop is iitilized. The other 
plan is to include it as an exercise in the laboratory course, a 
few students bring detached from the main body each week for 
the work. This may interfere with the laboratory course. The 
connection between the macftiue shop and the fitting shop— 
which supphes 90 per cent, of the students—is much closer, 
and few young fitters are igiiorant of machine tools. If there 
is an Engineering Workshop in the school, however, some demon¬ 
stration piay.be given with advantage on marking out, and on 
special machines and processes. It should be understood that 
machine construction is essentially a workshop subject, and it 
should reflect modem practice at every stage. This is the place 
to introduce limit gauges and other labour-saving devices 
which are often desetibed in books on Applied Mechanics. 
i6o 
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•It will be. obvious that iu a wiheiiie of this kind considerable 

• * # I 

judgment has to le exercised in selecting examples. Thu.s 
scfeV-thi;pads shduld generally be represented in a conventional 
manner, and the sccu{ate',(){'aving of a thread relegated to the 
sioo.nd year. Again, toothed-gearing is better deferred. The 
oiily.cases in vJhjch this advice would bo wrong are those in which 
,*the Stydents Sre actually engaged in making screw -jiieks, vices, 
or toothe^ wheels. Even then, Tn view of the dilKcully of tho 
•* drawing^they should not bo introduced too early. 

This question of drawing leads to another point, which it 
will be ^ell to emphasize. If thli oriler of tho onlinary text- 
*book is follow^, tho student is introduced rather early to 
examples whidh involve some skill in draughtsmanship—and 
require IseiteXnetrumcuts than he usually iwasesses HexagoiieJ 
•nuts and bolts are not easy to draw well, and riveted joints 
afford scope for distinctly fine work. In tho early stages it is 
most ^esirable thaf bold, simple examples drawn fo a large 
scale shduld predominijte- ■ 

The emphasis laid'on the constructional side is liaJilo to be 
interpreted as an excuse for inferior drawing This is a mistake. 
The practice in the past—owing to tho influence of tho elifinina- 
tion and the traditions set up by the association of the subject 
with schools of art—has been to expect rather more complicated 
drawings than need be atiiempted. In the first year the students 
should confine themselves to simide tyjies , but two iHiints are 
essential—a sound knowledge of projection and neattess. In¬ 
correct projections and slovenliness are not to lie tolerated for 
a moment. 

THbre can be no question that the foundation o( these virtucjt 
is fcid in the first six weeks of the session. If mistakes go 
unoorrected, and if untidiness and incomplete drawings are 
pejCmitted during this period, the most unjiardonable defects 
will persist to the end. Far this reasyn all drawings which 
constitute the minimum for all students nuist be done at school, 
i6i 
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und kept there. Work whic|^ is done at lume is^Iikbla tp ‘all 
sorts of errors, hieh nm a risk of being uiuionced or ^corrected. 

A vigilant supervision must be ex^ercised 8ver th* instru¬ 
ments. The pencils must be H or Hft (preferably the former for 
beginners), and they must have a clrisel edgt. The arguirvent 
that some draughtsmen prefer a round point ha» iio signigcance ^ 
here. What a skilled man can do uith a round pointed HHHH 
pencil is no guide to what a beginner can do with a round pointed 
II, and a very Irani 2 )cneil is tor other reasons undesirable.* 
Every student ought /o have a small file or strip of sSndpajier, 
and he ought to be encouragerl to jrohsh his ^oiip) on »pidfce of 
hard [laper before rosing. The lirsrt .si.v weeks Are a oonafairt 
stnrgglo irganrst earelessrrcss, aird the teaeher nhq is not smire- 
tltirrg of a nrrrrtiiret at thrs stage will rrever achieve satisfactory 
sesults. 

Every student should fireiraro ten or twelve good sheets of 
drawirrgs dVrriirg the session. > 

A fund poiirt arises in eorrrrcction lAth the relation of the 
work to Slrlid Georrretrj’. The latter subject rt has been stated 
is gctterally omitted. Hitt while there is tro doubt that a great 
deal of ettgi,neeting drawing eair be tvceomplMrcd wrthout much 
goorrretrv, the student loses by its otttisston. Itr a few schools 
the lirst live or six weeks are spent at simple corrstruotion and 
projection. This, however, leads to sins both of omission and 
comttrission. A better plan, is to irttroduce the geometry as it 
is requirett. Some very good ojrportunities'occur in drawing 
the curves forttred at the etyls of a connecting rod, and the 
quicker students rrtight ccrtairrly plot these with advantage. 
Itr the secorrd yerrr rtroro opportunities occur, and, in general 
the greater skrll on the part of the student will enable him to 
attempt these with more success. 

It seems hardly necessary to say that the school shotdd 
not only have the rerpjisite models and exaitrples, but that it 
should be well provided with makers’ price lists and catalogues. 
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’ The aeSohd-yeajcourse Khould<^ontain n coiisidcral)l<*iim<iimt 
of design, aid here it is ^rhaps more desirable that the students 
‘should iftidcrtake a complete machine. All the dranings eaimut, 
of course, be completiAl dililhg the session, but the principal ones 
CATi be finish^, pnd the test will ajiixiar as sketehe.s in the note- 
, bnu|[.t At tl^*outsidc not more than half the time should bo 
spent’on drawing, the rest beii\g taken up with sketching and 
calcnlatiCA. 

* Some difficulty may ari.se in ehusses atlended by students 
engaged *11 widely varying worl^ If llfi' sanely of students 
, ill tfic c^ass i* noj too great, they c.m often be worked in 
sections. TwR or three sets of students ean generally be 
nyin^^gtyl in atclass of this kind without ineonsenienee, provided • 
always that there is no e.xternal ev.iiniiier with arm-chair 
‘ \]ewB as to what each student should know at the end of eaelt 
■session. .Should tlys mcdiieval form of tyranny e.vist. the school 
13 condemned to a niedioent\ for which the teacher is not 
responsible. A lame limn eaiinot avoid a bmp, and. the only 
thiqg the writer can offer is syin|ialh\ 

There are obviijus rea.sijns win .sfiideiits should i«)t, even 
yet, go far away from their eveiyd.n e\perieuee» They will 
still lie engaged in jierfeetiiig their oliseivatiou and deejieuiiig 
that instinct which will enable them to formulate and use 
general rules in design, and for the jirewnt they must continue 
to examine more closely, ami in greater detail, the inaehincs 
through which tfiey ore obtaining their practical expr-ricncc. 

A very large pereeiitage of the teachers of liuildimj Con- 
strvclion are Manual Instructors Most of these will have had 
some industrial experience, and all arc jiractiscd {cacliers. Xfio 
details of presentation, therefore, call for less atteiitioii, and it 
will be desirable to contine observations to the scope and general 

aNitude towards the subject. 

• • * 

Formerly the teaching of Buildiiigtt'onstniction consisted 
almost entirely of drawing from lithographed^ copies and from 
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diagrams in tho text-book. Syecimene were ^oasionaNy aboym, 
and models wore used to explain constructioki wliiqb could not 
easily be made clear on the blackboarjt. No dhlculatiwis were < 
attempted, either of quantities oi» prices. Note-books .were 

rarely kept, and still more rarely werS they wdll-arranged, nqat,* 

* • • 

and useful for reference. . * * . • 

The plan now being developed in many schools is uttuch 
more practical. The essence of the teaching is ooastruotion. 
Models are not used to the same extent as in Machine Cpnstruc- < 
tion, but a good deal of work js done from actual meaAirement. 
Calculations, both of quantity and price, are ,inoluded,*and 
tho student learns nut only construction, but also the co^ of 
' cuustniction. Tho most important examples are drawn to 

# 9 * ^ P 

scale, and sketches of similar details or variations are made in 
d note-book. 

Reference to Chapter VI. will show that the subject discuss^ 
hero is one' constituent of the course. Un a second ewning 
tho student is engaged in the Geometry ef Building—the office 
aspect, an<i on a third evening he is engageil in the laboratory 
in oxamuiing materials and becomii^ familiar with the scientific 
principles which underlie sound practice. (This subject deals 
with practical work of the workshop, tho yard, or on the building 
undergoing erection. It deals not so much with the minutiae as 
with general arrangement, and the relation of the various trades. 

Tho first section will dcal^iaturally with sites. The character 
of the varrous soils and subsoils will be discusdbd briefly, and the 
special methods applicable to epch will be outlined. The next few 
sections will deal with construction in brickyrork, starting with 
foundations, And working upwards. Too much stress sLould 
not be laid upon varieties of bond at first. A simple bjnd 
having been selected, the wall of a dwelling is drawn up to the 
top of the door, showing tho damp course and bearers in thsir 
proper position. Aftei*AhaA an appropriale form of brick arch 
may conveniently be’discussed and drawn. Then corbelling, 
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8tripg/)oui:^, and other details which ate apprupriatp to the 
upper part.oPa (irelling may iJe discussed, until the roof is 
redohed, ^m«time th time exercises will bo set involving 
quantity of materiaUund gotlt. The class should be asked to 
lui^ush data for the latter, and care should be taken to avoid 
treating this*matter in too authoritative a fashion. Many of 
the* examples should require merely an approximate answer, 
and atteipjpts to secure a degree of aeeuriu'y neither wnrrante<l 
by the.data nor necessitated by the nature of the prolilem 
should be checked. , 

It Vjjll be an advantage to defer the general discussion of* 
bond and arckca nntil after the whole wall has heen eonqileted. 
This tends to* focus attention on essentials, and the subsequent^ 
treatment ol*variation8 revives and sharpens the original pictuse. 

The next topic will be Masonry ('onstnietion, and th((i 
again revises the original section on Brickwork. Thlts 
Masopiy foundatio'ns and arches may he contrasted with those 
constructed in the material first considered. * 

Probably the nekt section will deal with lloors^-inchiding 
various forms of fire-proof as well as wood floors Therc will be 
no special treatment of joints in caiqicntry, these being con¬ 
sidered in connection with appropriate construction. Similarly 
roofs, doors, windows, and other details will be dealt with by 
means of typical and Ippropriate examples, and subsequently 
amplified by sketches of variaftions in constnietion In all 
cases the detailed'draw ings of joints should be showisto a large 
scale. Indeed, in order to avoid ilraiightsmanship which is 
beyond Gie capacity of the students or their instruments, it 
may'bo desirable to “break’’ the elevation, e.g,, of.a sash^n 
orBer to get the essential features to a sufficiently large scale 
in the first instance. As in Machine Construction, the session’s 
wrk should be represented by ten or a dozen neat sheets of 
drawings, and by a*notc-IS>ok with skgfches rfhd descriptions 
which supplement them. 

. 6 ; 



CHAPTER XIII 


THE TRAINING OF THE TECHNICAL TEAOHEIU 

9 

The title at the liea(^ of this chapter states a prol)lam whiel 
•is l)eci)ining of greater and Jjreater importance. Evjry •yea 

secs an addition to the difficulties which ‘Technical School 

« 

have to face. The growtli of scientific knowledge and ^hi 
iwireasing sul)-division of industry render the task’*of pA)vidiifg 
i)doquatc training for those who can only devote a limited time 
to study one of greater and greater difficulty. The teacher is 
called upon, to c.vercise a profoundcr judgmeht as to what shall 
and what shall not he included, and lij-'j ingenuity is taxed to 
find the most efficient and economical method of achieving a 
desired result. Some indication of the variety of tj'^ies of men 
who arc*at the service of the Tecfinical Sciiool has been given 
in Chapter III. The staff, moreover, is constantly changing. 
The older men are dropping out owing cither to age or to industrial 
or professional claims, and their plivce'is taken by young men 
who, prior to their appointment, have thought little about the 
duty theytwill have to discharge. The disastrous effect is easy 
to realize whether teaching is regardetl wholly as an art or is 
acknowledged to have a scientific basis. For every art is more 
nytdily acquired when the young workman is first showif how 
to use his tools, and ever}' science demands some preliminary 
study of phenomena, materials, and processes. 

It will be desirable to glance briefly at the provision whijh 
has hitherto buen ma^p for training technical teachers in this 
country. For many .years the Science and Art Department 
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awaid^ studentships fo teachers and intending teachers ^^ho 
were able to ddvot^a whole year to study at the Uoyal Colleges 
.oI Soienfe in I«ndon and Dublin. Grants-in-aid were also 
made to teachers who.unjejjook to attend for not less than two 
8a;^s a week at certain Vnivcrsitica and I'niversity Colleges. 
Tn Jhis way ^k.Aumbor of teachers obtained instmetion which 
thej jeould otherwise have lacked They had (he advantage 
of attending lectures by distinguished men, and of working in 
(Well-eqinpped labor,atorics. They freiiueiith look home, (he 
instrnmtaita they had made, and used (l^in effectively m their 
classes., But beyond obtaining tx))eiieiiee of (he methods of • 
’ teaching oldct stuUents who had acquired the iiidnnents of a 
subject, thcy’brought away no hint which would he of Millie,^ 
Cbrtiaiiily thJy received no nasistanee in lireaking new groujil 
• with beginners. ^ 

* The establishment of preliniinary courses in evening schools 
necessitated the aifoption of sjieeial inetliiHls—moreqiartieiilarly 
in I’raotical Mathema|,f4s—and since I!)(l 2 seiei.il laical dOduia- 
tion Authorities htrt'C institiik'd'courses in which, (he niain 
object was to train teachers for this woik. The\ luue been 
held during the wjhter months and in short summer courses. 
Those who attended were gcncralli engaged in elementary 
schools, and the method adopted was to wmk through cven ises 
of the kind which woukf be given siilisequently to (heir students. 
This involveil some hint ns to (fie order of (leatment and llio 
method of presentation. At the hiinu' time tiie (ioitiiiant ann 
was an increase in the toacher'.s own knowledge of ami hkill in 
his subject rather than the estabfwhment of method mi a souml 
scierftific basis; the eiasses wen* attended teachers wjio 
hifd already received some professional tniining, and they left 
the special problem of the training ,it the Technical Teacher 
iVitottched. 

The enormous spread i»f scientific graining‘and the lavish 
provision of scholarships in recent years have laigcly obviated 
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the ne<^Eiity for the plan firet outlined. ^There is'uow very 
little dilBcoIty in securing men whose academic q^uaiiiioations 
in the subjects they are required to feaoh ate, on the whole,- 
satisfactory. Perhaps some exdeptien «hould be made in 
regard to Mining, but in a general'way it bay be said i^t 
what is often lacking is general education rather’than jpecial 
knowledge. At any rate, it will simplify what follows if ft is 
assumed that there is a sufficiency of men whose knowledge of 
their subject is well above the standard to which theyjiave toi 
teach. . • 

It may be supposed that every one knows thcip are good and 
bad teachers, and that many improve very eondderably yith 
practice. This is the case with every art when] it is ^urmed 
cdlisoientiously and thoughtfully. A man who does’not improve 
is either careless or incapable of thinking. But it is obvious 
that as things arc a teacher is loft to imj)rovc or not according to 
chance. He is appointed as a raw hand, in fear and treinbiing, 
and a fSrvfnt prayer that he may turn out all right is bretfthed by 
those who'sclcct him. If he is successful, welt and good. The 
august body who perceived his innate and untried excellence 
congratulate, themselves. But if he should -fail, a successor is 
looked for. It is of no consequence that such a man, plaoed 
for a session under the supervision of an experienced teacher, 
might have been a brilliant success. T&ere is no machinery for 
an apprenticeship of this kin 4 . * The arrangement of a scheme of 
instructioif'to occupy some thirty lessons, the -fray in which each 
portion of the subject shouM be approached, the relation of 
laboratory work, drawing, or workshop practice, to theoretkal 
teaching, the position of his subject in the ourriculum of the 
school, the function of home-work—all these are matters which 
he is supposed to have acquired with his milk-teeth or in his sub¬ 
sequent career as a student, when his business was not teaok- 
ing but learning’ Surely ,^r)(iething fhould be done, if not for his 
sake, at least for that Af the students committed to his core 1 
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'Againgt'Ous it nwy be aigued }hat his case is only a>repiioa 
of that of alh other Technical Teachers. Every man who aspires 
to be a %ohnicat*Teachef, submits to this Ordeal by Fire. But 
what is the result ? How Aany teachers possess an adequate 
Imowledge even of the poinfs enumerated in the last paragraph ? 
Jfow*i*any te^ers strike the right balance between lecturing 
' and teaching ? How many conduct theoretical and practical 
work as though they were separate subjects ! How many regard 
drawing as an end rather than a moans to an end ? How many 
set home-Vork promiscuously i ^s thcro»any other pnrfession 
Jn the wide wojld in the practice of which a man dc|»ndB upon 
Heat»n-bom itlstinct and is allowed to ignore the aeeumulatcd 
cx^rjei^fc of^his predecessors I 

But even if it bo granted that some training is desirably 
It pay bo urged that if all Technieal Teachers have been trained* 
in this way they ap not comiretent to undertake the training 
of those who are to carry on and improve upon their work. 
This is only partially tMe. In a jarge measure teaching is a 
Practical Art. A man may be shown what to do and how to 
do it. He may bo slywm wliqt errors expenenee suggestniihould 
be avoided, and bob' to avoid them. . 4 nd while this falls far 
short of the ideal which a professional teacher should .set licfore 
himself, it would still be beneficial to the Technical Teacher. 
For though the latter works under certain disadvantages, there 
are compensations. Few evening students come to school for 
fun. They ate keen. In many cases they can use a text-book. 
Matters which they do not understand in class they solve in the 
privacy of their homes, or by discussion with their companions. 
An un^lful teacher may hamper a student, but thd really clevef 
yoa& will succeed in spite of him. On the other hand a teacher 
who works on a correct empirical basis can smooth the way 
and turn learning from drudgery to pleasure. For the sake 
of efficiency and economy in*the public Arvice he ought to be 
helped to do it. 
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Of toxase if the matter ie pressed to i^s logicalKoneksion, 
this is a very low expression of requirement*. Eoi^the business 
of conducting beginners into new terKtory the teaob«r sh&uld 
possess a full and accurate condegtien af the ways in which a 
man acquires knowledge and skifl. He hhould be fanqiliSr 
with the conclusions of Modern Psychology, so far as they affect^ , 
school practice. He should he acquainted with what isaknown • 
as to the nature of knowledge, the mechanism of thought, the • 
doctrine of apperception or association, and the phenomena ol' 
imagination and memory. Moreover, he should have read ^ 
some logic, and have acquired some fiicility in^ analysis, tjlassi-^ 
fication, and arrangement. If he i.s a teacher of Mathciyatics 
Or Physical Hcience he should have read sonc of the books which 
heal with the philosophical basis, as well as with the dry bones 
• of fact and phenomena. 

But merely reading books or listening to lectures will not 
make a ihan a teivchcr. Mathematics alone will not make a 
man an .engineer, nor Physiology a daotor. Mathematics and 
Physiology are essential, but arc useful on’ly in so far ns the^ are 
interwoven with general practice. The ■qay to learn teaching 
is to teach. He who uses the most Psychology, not he who 
krunos the most, is the most effective teacher, for this amount 
represents the scientific measure of his practice. 

It will be obvious that there is no intention here to assert 
that without an intimate ft^fic of academic theory and practice 
a man kannot teach. Experience in a practical art always 
counts for much. Many men have a sound knowledge of their 
subject, an inspiring manner, a habit of elejr expression. They 
are inteiesteii in their work, sympathetic with and observant of 
their students, quick to appreciate difficulties of comprehei&ion, 
and ready to devise new ways of presentation whenever the need 
arises. In time they acquire methods which are educationally 
sound, and which they ajo able,to defend from the facts and 
phenomena of oxpffrience. If such men were required to 
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systematize 4nd expjain their knowledge of method the% would 
use in evety^odse in which they were correct a nomenclature 
wHith, if,not exsRtly thd same, would correspond veiy closely 
to the language o{ Psyehology.* To that extent is the statement 
tAie^that Psychology enahlos a man to stale familiar knon ledge 
in' ai; unfami^at tongue. But tjic ])rofessiunal Psychologist is 
probabjy a greater adept at terminology than the amateur. 

Howei^'y, this standard of jrcrfection is rare, and tho«great 
piajority^of untrained (with many trained) tciwhcrs incorporate 
into theiii practice much that they ruaild omit if they had 
a fuller #cc|uaintancc with inentiil wience. They and their 
students arc coutinually meeting with ditliculties. the real nature 
of which is notVeognized. The subject is hard, or the studonTleN 
are' sfupTd; dire conscientious fcMher is discouraged, and th* 
other sort has emotions which am not worth discussing. • 
'To come now to practical details. The main recommendation 
is that^oung men w ho poaseas the neees.saiy jiersoniil (pialitics 
should hkve the pri\il^' of conducting one or moiv classes 
for a year under the supervision of exiiericnced dcachers. 
Inciifcntally they would learn something of organization, and 
they would receive,criticism and adiice in the jireiMration, 
delivery, or management of lessons. They would have some 
one to consult in case of difficulty, would make conscious pro¬ 
gress, acquire confidence, hnd dcveloji professional zeal. But in 
addition to this, they ought to havhi some systematic instruction 
in the general princfples of teaching and in their apphcAion to a 
particular group of subjects. This could be given either during 
the winter or in a short summer course 

In ‘view, however, of the highly s))eeializcd gihaijvcter of 
TeoSnical Teaching, no one town could (irovidc a sufficient 
nnmber of students to justify a sepaiate class of this kind, 
and it would be necessary to fix centres which would serve a 
wide area. 

• • • 

The chief difficulty, of courHc, Im ffiid tcuchcm (or 
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theoreticaltraimng. Most, if not all, TechnicalTeMhen tnat 
the matter from the point of view of the>sab}eo{, and fail to 
recognize the mental idiosynoraeiet of the stiMlent at«U. liten 
who understand the theory of t^whing ordinary school subject* 
are ignorant of technical subjects; cOmpetentTechnical Tea^jhAs 
are still frankly empirical. If the empiricist oijiy probated ^ 
sound maxims one could forgive him, but the greater the numbers 
of those merely increases the danger of authoritative .error. At, 
first sight there appears to be a possible solution. Tjjat is fog^'- 
certain men with technical knowledge to undergo a, course of 
training in the Theory and Practice of Teaching. But*-Logic 
and Psychology arc not Teaching, though necessary to it, an^ 
"fhoy are only of value in so far as they are incorporated in 
Practice. Exi)crionco with trained teachers shows that fhis 
‘takes time, and the old and the new would not coalesce 
immediately. Nothing can be worse than ill-digested academic . 
Psycholo^- as a basis of teaching. It is recognized that Pure 
Mathematics is meat fur few' and puist.i> to many. In the same 
way wlniire one Technical Teacher would profit from Psychology 
ten would derive greater benefit from a model. And if such 
models can be not only free from serious error, but can be accom- 
panieil by such e-xplanation as will enable the young teacher 
to distinguish good from bad, and the why and wherefore, they 
will achieve a useful purpose. 

While this last considerptibn has determined in large measure 
the char&cter of this volume, it is recognized that some teacher* 
may wish to go to the fountain-head, and it may be useful to 
close this chapter with the titles of a few books which may be 
«tudied .with profit. 

Probably the most suitable work on Psychology is that by 
William James. The briefer course will be found sufficient. 
The close association between the physical and mental life which 
pervades James’s boo^^ appeal to it man who has had a 
soientifio rather thait a philosophical training. For those who 
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pnftr aa emkt boob the same author’s “ Talks to Teaehers ” 
would prove ipterestSig. Both these volumes present the subject 
fiom'an mtrospeotive poiiit of view, and in that respect differ 
oonsidarably from thosb by wnters of the Herbartian sohool, 
wfi^ methods are syntheticM rather than analytical. Of these 
peih^% Profes^ Adams’s “ Herbartian Psychology applied to 
•Education ” is the most suitable, {)ut no man without a sense 
•of humoun should attempt to read it. The book bristles with 
stories and anecdotes, which float in a matrix of none too easy 
j)hilosophi«al discussion. Its conclusions ,sro incidentivl rather 
rtian jftontinent,and it is as much unlike a dry text-book as it 
well (jpn be. None of these books contain a statement of the 
four (or five) step method of teaching. A short outline is oon^ 
tabled in Kaymont’s “ The Principles of Education,” and a* 
ftkiriy full illustration of its ajiplication to History and Pure * 
Geometry in Findlay's “ Principles of (’lass Teaching.” 

Another invaluable book is Welton’s ” Isigical *110808 of 
EduoationV and no teaelR'r could {ail to bciu'lit fnim reading 
and roflecting upon the nature of knowltsige, and the* various 
types of reasoning, wl^ch are iflnstrateil by a ue.iltli of exiyiiples, 
selected from a widcsfield. , 

Turning from general principles to special method, we have 
to acknowledge an extraordinary scarcity. Almost the only 
subject which has been treated from the psyehoiogical as well 
as from the subject 8tand|Kiint is*Atatliematics. Here Dewey 
and M'Lellan's ” Psychology of Number' is an infiiresting 
though rather difiicult book. Asjhc name implies, it deals 
with number almost.entirely, and leaves largely untouched the 
wider field of Mathematics. Still it is systematiceuidisugges-* 
tive.* Branford’s “ The Study of Mathematical Education ” is' ’ 
a more recent and extremely suggestive book of much wider 
scojm. It is in places unsystematio, but it represents the best 
and far the most scholarly aftempt yiitb'which the author is 
acquainted to develop on a scientific basis tRe theory of teaching 
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the 8 u 1 ))eet. It Hhould be i understood that neither «f these 
books have in mind the speeial needs of teehmoal students, 
whieh have been dealt with in a mom empirical way In Perry’!) 

■■ The Teaching of Practical MathftnftticS.” The value and the 
limitations of Perry’s views are, however, much clearer wh^en 
they are studied in conncotioii with the two 'books to f hicl^ 4 
reference has been made. Probably no subject has suffered* 
more in recent years from misinterpretation thaif Practical* 
Mathematics. >• * 

The teacher of 'Mechanics and Mathematics needs some, 
knowledge of the ])hilosoj)hical foundations, of I’is subject if h^ 
is to avoid the many pitfalls that ate inseparable from the 
'’’’Violent changes of scope and niethod which arc now in.nrpgrass. 
One of the most delightful books that was ever written is Clifford s 
“(kuntnon .Sense of the Exact Sciences," and it ought to^bo’ 
on every teacher's bookshelf. Similarly Mach’s '■ Mechanics ’’ 
is suggestive and stimulating, and Karl Pearson’s “ Clammar 
of Science ’’ should lie added, 'riie" list might l>e extended 
considerably without a corresponding increase in value. But 
the tereher who wishes eontinuallv to improve the method and 
effectivcnc.-s of his teaching should realize' that much depends 
U[Kui the breadth of his own reading and the depth of his own 
thought. 

After all no one can lie taught how to teach ; he can only 
be jilaced in the way of making himself a teacher. It is practice 
coiiibiiietl with knowletlgc of, and reflection upon, what otheis 
have done, a frank and generous comparison of his own and 
other people’s methods, sympathy with his pupils, and a 
Itnowleilgo of their interests, their difliculties, and their aspira¬ 
tions—these alone will enable him to achieve success in the 
noblest and most inspiring profession that fulls to the lot of man. 
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1 . Wrfte out a list, in proiKir tcachinj; order, of typical 
examples which you w^ultF uife for a lirst-year class of Machine 

failing Students who wet* engaged in either— 

(o) A worts, Aianufacluring |j.Mlranlic miwhincrv. 

(S)*A works engaged in constructive work, bridge building, 

’ etc. 

(c) A htarine engine works. 

((f) A gas engine works. 

(e) A enaehinc tool works 

(/> Ajtextile machinery w orks 

(r/) A cciitrjil ek'ctric power station. 

(#) A steel wa orks , or 

,(>I Afi agijpailturc iiiipleinent oi engine winks. 

2 . In the particular industry seleeted m Question 1 eliooseone 
type of construction and give a list of other siiiiilar details * 
whihh you would di.scu.ss in a section in order to widen the 
students’ knowledge.* 

3 . At i^hat stage or 

forging ? , 

4 .,At what stage or stages iii jour scheme would ton discuss 
moulding! ^ ^ •. 

.'). Why are model* or actual s|)eeimens necessary iji feaehiiig 
Machine Coiistriietioii or Building ('onsi met ion ' 

6 . What are the advantages of ex|ierimental woik by the 

students themselves ? , 

7 . A teacher proposes to deal with the ela.stieitj of a gas. 

He starts by writing " Boyle’s Law * oil the bku-kboard Is this 
wrong ? If so, why*! * 

8. What IB the difference between wools and knowledge ! 
•Should the words or the knowlcdgetcoine iiisl ^ 

• 9 . Compare the Ictoon on Porosity and Ca])illnrity on jiage (111 ^ 
witit one in which the teacher starts with the iiiinlersiftii of a 
nairotr tube in water. Why is the latter methiHl wrong, and in 
what respects will it probably be a failuio > 

10 . What is the purpose of the Uniwiiig in Machine Con¬ 
struction and Drawing k • , * 

11. Under what circumataiiees Ik Eaboratory work un¬ 
necessary 1 
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12. /l teacher cuiniueneing the study of Meohajics vktl a 
olatM began with statics, ant used os au exampfe two fbroes 
acting at right angles on a billiard ball Wfiy was 4his wrong,? 

1.^. In the lesson of Question 12 one of the students-^^n adult 
artisan—asked if the two foroeo could be taken as .acting 
along the arms of a governor, t What Was this student^s 
difliculty ? Why was the tewher wrong to' sary No and to 
continue his own method ? • • t 


14. Why is it foolish to scfan elementary class to determine * 
areas by weighing! < < • 

1.'). Draw up notes of a lesson on the elasticity oL solids. »' 

16. Why is it unnecessary to specify the three,.orders of 

' lovers ! ' ^ * 

17. What are the lulvantages of doing bolid Geometry amb 

iWgonomotry side by side ? , " 

' 18. What are the advantages of starthig ujith Iviri^ntal 

projection in Solid Geometry 1 

•• 19. How would .you intrwluce the Go-onlinate Geometry oi 

the straight line ? ' 

20. Giyo illustrations from any subjec.. you teach, of the 

way •'ll which you prepare the ground for the reception'of new 
knowledge. , ' ‘ 

21. A teacher of Practical Mathematics once complained 
that l\)s students wore slow in raultiplyhig and dividing, and 
uncertain in fixing the decimal point. To remedy this he set 
them to measure up and calculate the surface and volume of 
wooden blocks. Explain— 

(u) What particular value the practice of measuring up 
and calculating area and volume has; 

(b) How the defect s^obld have been remedied. 

22. Draw up a lesson on the water-gauge for a class of ooal- 


23. What are the disadvantages of the plan of teaching 
Applied Mechanics and Heat Engines in alternate lessons ? • 

* 24. Whab arc the disadvantages of teaching Practical”Mathe- 

matics and certain parts of Geometry separately ? 

25. Draw up notes for a series of lessons or section dealing 
with Specific Gravity. 

26. What experimental exercises wpuld you include & a 
section devoted to adeeleration, and in what order should they 


be performed ? 
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*27^Wka( use would you in^ke of luudvls in a'Jiuikliii)^ 
Course ? \yh&t uMdels do you consider indispensable < 

, * <28. ^ teaches found, in an elementary clivss, that his students 
were unable to give Jvim^ a^definition of the circle as a Bgurc 
funded by a loops ; so he set them to draw circles and ellipses 
lyith a loop of t(jread and pins. They afterwards readily stivtcd 
thafcljie oiro4 was a curve in which every point was ciiuidistant 
from a given fixed point. ^ 

What was their original difliculty, and in what w.vy did the 
teacher’s plan help them i 

’ 29. Mathematics teacher.—State the iiialheiiiatieal operation 

in whiclPyou desire your stiideiilji to hafe |iraetiee in. say, the 
seveilthweck <)f the session. 

30. Mechaaics teiK’her.—Write out four ipiestioiis which will 
give* the mathematical practice reijiiired in above iiuestiflll? 
and avWch will be appropriate to the stage of progress rcaehml 
in your class. , 

, 31. Machine Constriietion teacher —,\l an I'arly stage in the 
session the teivchc]^of matlicinaties proposes to ileal with the 
mid-o{4inato rule for the area of iiTegnhir ligiiresl Can you 
supply him with probjpuis which have .iri.seii in the Machine 
Drawing class, and which will serv? its a starting j)oiiit,i 

Cive two or three examples if yon can 

32. Write out Ojlirst-year coui'se in Chemistry suitable for 
students who are eitgaged in alkali and eopiK'r works. 

33. Write out a lirst-ycar course in Cheinistry suitable for 
young men engaged in iron and steel works. 

34. What steps would^ou take to develo]) the pow er of taking 
notes (a) in the classroom, ( 6 ) in,thc laboratory ' 

36. ^me students are much (luii^er in DrJhiicg any. Labora¬ 
tory work than otli^rs. How do you meet tins difficulty without 
having recourse to individual teaching ' 

36. The teacher of a elass in M&ihanies has only one piece of 
* apparatus for a cei^in experiment. Should he Jot each pair 

of ^udents use it in turns, or should he make it the subject of 
a demonstration ? Discuss the pros and cons. 

37. A first-year class in Applied Mechanics had only done 
about seven experiments each in four months. Is this sufficient ? 

38. The explanation of th# result in the last qhestion is that 
the students have been throwruipon tfieir oo ii resources. Discuss 
die advisability of this. 
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39. Bnilding Constniotioi^ teacher.—Sthte th9 tjeometiloal 
oonktntotions which you would like to aconnpaliy.the first ten 
iessons oi your Building class. 

40. Building Construction teac^ei. —iState the geometrical 
constructions you would like your students i<) know— ’ ', 

(o) In the first year. 

(6) In the second year. , ^ ^ 

41. Building Construction Jcacher. — In the two foregoing • 

questions suggest examples which the teacher of^peometry , 
might use. < 

42. Draw up notes of a section in Mechanics for'Builders* 

• dealing with lifting uppliancos. * • 

43. What are the disadvantages of lantern slides in teaching 

44. The preface to a book on Practical Mathematics draws 
‘ ii^tilcntion to the fact that Mathematics was origufaliy a practical 

art, and that when man had leisure he pursued it as'hn inffillectaal 
pleasure. It then goes on to suggest that the evening student just 
joining the Technical School is similarly placed to the unemaqpi-' 
pated savage. Discuss this. , 

45. Draw up a first-year course in Chemistry suiti^ile for 
students engaged in bleaching, dyeing,.apd calico printing works. 

46. Draw up notes on a section dealing with electrolytic 
dissooiation showing clearly the steps of preparation, presenta¬ 
tion, formulation, and application. < 

47. Draw up a short course of electricity'leading to the above 
question. 

48. Should the electrolytic decomposition of water ever be 
used as a proof of the composition of water ? Why not ? 

49. Draw up a short course on the Chemistry of Fuel and 
Combustjon tce^detivered in the summer term to Engineering 
students who have done the ordinary first or‘second year course 
{T, or T.). 

50. Draw up notes of a section on Ventilation for Builders. 

What would^’ou expect them to know beforehand t Set three* 
numeric^ exercises to follow as homework. „ 

51. Why does an explanation of limit gauges belong to the 
Machine Construction teaching rather than to that in Applied 
Mechanics! 
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